





NATURE 


1950 Vol. 








165 





No. 4187 SATURDAY, JANUARY 28, 











CONTENTS 


Technological Education in Britain 
Sclence and Learning in the Feurteenth Comure. By Dr. s. Lilley 
Wentification of Zooplankton. By K. M. Rae ° ° 
The Inert Gases 
World Morphoicgy of seneapherte Sesvme. 
G.B.E., K.C.B., F.R.S., and W. R. Piggott 
jastitute of Biology ‘ ° . ° ° 
Seow Flora of the Scottish Hill, By Seten Gerden, C.B.E 
Chemical Aspects of Atomic Energy. By Dr.J.S. Anderscn 
Obituaries: 
Dr. A. E. V. Richardson, C.M.G. , 
Prof. W.H. Newton. By Prof.C. A. Lovett Evens, ERS. 
News and Views ° 
X-Ray pupeatiee by Aqueous Systeme of Triethonols mine Loureee. 
by Or. S Marsdea, jun., and Prof. J. W. McBain, F.R.S. 
AMass-Spectrometer Probe Method for the Study of Gas Dischorges. 
By R. L. F. Boyd ° ° ° 
Sle Milk in Great Britain 
Hedical Use of Radioactive Isotopes. 
Letters to the Editors: 
The Scintiliaticn of Stars —C. C. L. Gregory; J. 
C. 43. P. Cave; Prof.H. Hartridge, F.R.S. 
Solid H:lium at ‘High’ Temperatures.—F. A Holland, £, A w. 
Huggill, G. O. Jones and Prof. F. E. Simon, C.B.E., F.R.S. 
New Radioactive Isotopes Produced by Nuclear Photo-disin- 
tegration.—*. D. S. Butement ° ° e ° 
Autoradiography of Water-Soluble Tracers in Histolcgical 
Sections.—F. P. VW. Winteringham, A. Harrison and j. H. 
Hammond ° ° . ° 
Toxic Factor from ‘Agenized’ Peamies Methionine as the 
Essencial Reactant.—H. R. Bentley, E. E. McDermott, J. Pace, 
J. K. Woaitehead and Dr. T. Moran, C.B.E. . 
Reactions of Hems with Cyanides, menpenneas and Aten 
Acids.—Joan Keilin : j 
Anhydro-N-Carboxy-DL-§- Phenylalanine. -—A kL Levy ‘ 
Synthesis of |:1:! Trifluoropropyne.—Dr. R. N. Haszeldine . 
A Formate-Carbonate Exchange Reaction Revealed by 
‘Labsiled’ Carbon.—D. G. Grant and H. S. Turner 
Trivalent Nicke!l.—R. S. Nyholm i 
An inhibitor of Hexokinas. in the Plasma of Diabetics. - 
Weil-Malherbe 
Effect of Histamine Secentieatian | upon ‘Yheventac Sensitivity. 
—DOr. M. Fabinyi-Szebehely, Dr. L. Gyermek and Dr. J. 
Szebehely 
Occurrence of Medullary Bundles in the Apple Shoot —. J A. 
Holwill ° 
Endosperm in Cossie tora ue. _M. fase Raw ‘ 
Non-Mendelian Segregation from Heterozygotic Yeast Asci.— 
Prof. ©. Winge and C. Roberts : ° ° . 57 
Carbohydrase Specificity in Seccherenyers Hybrids.—Dr. 
Shiomo Hestrin and Prof. Carl “. Lindegren : 1s8 
Occurrence of Ususui! Positive Coor abs Reactions and M Penere 
in the Blood of a Mother and Her First Baby.—R. Jakobowicz, 
L. M. Bryce and R. T. Simmons ‘ 1588 
Non-Coaxiality of Principal Normal Stresses ‘end the ‘Strain’ 
Eliipsoid in the Clissical Theory on infinitesimal Deforma- 
tion.—Dr. K. H. Swainger ‘ be  & 
Combustion of Liquid Fuels.—D. B. Spalding : ° - 160 
cent Scientific and Technical Books . ° Supp. v 


By Sir Edward Appletcn, 


By Prof. H. D. Key, C.B.E., F.R.S. 
By Dr. G. Lepage 


D. Morton; 





Editorial and Publishing Offices of *‘ NATURE °*’ 
MACMILLAN & CO., LTD., 
ST. MARTIN'S STREET, LONDON, W.C.2. 
elephone Number: Whitehall 8831 
Telegrams: Phusis Lesquare London 
Advertisememns only should be oddressed to 
. G. Scott & Son, Ltd., Talbot House, 9 Arundel Street, London, W.C.2 
Telephone Number: Temple Bar 1942 

annual subscription rate is £4 10 0, payable in advance, Inland or Abroad 
rights reserved. Registered as a Newspaper at the General Post Office 


TECHNOLOGICAL EDUCATION 
IN BRITAIN 


N an article on ‘University Development” contri- 
buted to the Political Quarterly of July-September 
1949, Mr. Kenneth Lindsay stressed particularly 
the need for considering more closely the selection 
of students and the re-statement of purpose in 
the light of modern scientific developments. 
He pointed out further that, while the State has 
some responsibility for seeing that certain national 
needs in trained men and women are met, those basic 
needs could conceivably be multiplied to a point 
which would necessitate a definite number of students 
being trained at government expense. ‘‘A university 
policy which concerned itself solely with meeting 
basic national needs would quickly degenerate into a 
narrow professional outlook and the whole conception 
of a university would be changed within a decade. 
It is one thing to pay regard to the absorption 
capacity of the professions, but quite another to base 
the university curricula on such a straitened and 
closed conception of national welfare.”’ 

These comments of Mr. Lindsay are brought to 
mind by the publication of the first five reports* 
from the sub-committees appointed by the Technical 
Personnel Committee of the Ministry of Labour and 
National Service to examine the probable supply and 
demand for persons with professional qualiiications. 
Happily, these reports remove any fears that, on the 
score of dsmind, the universities will be de!lected, so 
far as most scientilic subjects are concerned, from 
their hitherto accepted purposes ; and in that respect 
the reports are unlikely to shift the general consensus 
of opinion in Great Britain from its strong support 
of the maintenance of quality and standards as 
against a merely quantitative conception of university 
development. The central issue which the reports 
raise is rather that of where technological or pro- 
fessional training should be given—in the universities 
or in professional or technological institutions. 

That point did not escape Mr. Lindsay in his 
article, for he noted that although the Percy Report 
was published five years ago, no action has yet been 
taken to develop technical colleges into institutions 
of university status. Since then, the question of 
technol»gical education and university studies has 
received a considerable amount of attention. The 
broad question of arrangements for education in 
technology was discussed in the second report of the 
Advisory Council on Scientific Policy. A contribu- 
tion of Prof. M. L. E. Oliphant, “University or In- 
stitute of Technology ?”’, to the symposium on “The 
Mission of a University” in the Universities Quarterly 
of November 1949, the report on “University 
Reform in Germany”, published for the Foreign 
Office during the autumn, which has a chapter 
on “Technical Universities”, are pertinent to the 
debate. There have also been discussions before 

* Ministry of Labour and National Service : Technical and Scientific 
Register. Present and Future Supply and Demand for Persons with 
Professional Qualifications: in Architecture, pp. 20, 6d. net: in 
Chemistry. pp. 24, 6d. net ; in Electrical Engineering, pp. 24, ¢d. net : 


in Geology. pp. 16, 4d. net: in Physics, pp. 32, 6d. net. (London: 
H.M. Stationery Office, 1949.) 
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the Institute of Physics and the Institution of 
Electrical Engineers on the education and training 
of technologists, and before the Institution of 
Mechanical Engineers on the provision of techno- 
logical courses in universities, technical colleges and 
national colleges. These discussions were preceded by 
a report on the education and training of technologists 
issued by the Institute of Physics in March 1948, 
while aspects of the same subject were also considered 
at a conference, held during November 25-28, of 
representatives of all British universities and of 
industry convened by the Federation of British 
Industries through its Education and Industrial 
Research Committee. A session of the Conference of 
the Universities of Great Britain and Northern 
Ireland on December 17 and 18, 1948, considered the 
selection of students more particularly in the light 
of the report of the ‘working party’ on university 
awards, and the report of that Conference, published 
last autumn*, contains some reference to the training 
of technologists, particularly in the discussion which 
followed Sir Ronald Weeks’s paper on university 
graduates in commerce and industry. The whole 
question of technological education and its relation to 
the universities of Great Britain was considered much 
more fully at the Conference of the Home Univer- 
sities held during December 16-17 (see Nature, 
January 21, p. 104). 

The question of numbers is of vital importance in 
arriving at a proper balance between the universities 
and the technical colleges, and the five reports from 
Lord Hankey’s Committee appear at a time when 
the need for economy may well lead those outside 
the universities to be more sharply critical of ex- 
pansion proposals. Of the five reports, only that 
relating to the supply of chemists suggests that over 
the next five years there is likely to be a consider- 
able deficit against demand. Even here, however, 
the Sub-Committee d es not consider that any further 
expansion of training facilities is to be recommended. 
It pays tribute to the universities for implementing 
already the recommendations of the Barlow Report 
and providing for the training of chemists in numbers 
which are more than double those of the pre-war 
years. These increased numbers, it is satisfied, are 
not in excess of those quickly to be required in the 
years ahead, and the hope is expressed that where 
the universities are using temporary facilities for the 
purpose, those facilities will be put on a more satis- 
factory basis as early as possible. 

The first fact that stands out from these reports is 
that the universities have already provided for the 
expansion asked by the Barlow Report, and that in 
some subjects such as physics the expansion in some 
universities has been not double but four-fold. In 
some of them there is a marked note of reservation 
as to the maintenance of quality, not so much on 
the score of the ability of the students entering the 
universities, as on the effect of over-crowding and 
improvised conditions on the quality of the teaching. 
A “Report on University Expansion”, adopted last 
May by the Council of the Association of University 


* Report of the Proceedings of the 1948 Conference of the Univer- 
sities of Great Britain and Northern Ireland. Pp. 125. (London: 


Association of Universities of the British Commonwealth.) 1s. 
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Teachers and published in September, refers to this 
aspect more specifically. But although the report on 
the supply of electrical engineers mentions the need 
for improved facilities for the further training of 
technicians at technical colleges, neither in that 
report nor in any of the others is the issue of the 
distribution of students between the universities and 
the technical colleges considered. 

Some pointers, indeed, are to be found. A good 
deal of stress is laid on the question of quality in 
relation to geologists, and on the importance of @ 
broad basis in their training. The shortage of really 
good physicists for research is specially stressed, ag 
well as the many openings for physicists who find the 
final parts of the university courses beyond their 
powers, and for what are termed in the report 
‘physicist-engineers’—men with a physics degree but 
also the practical outlook of the engineer and anxious 
to apply their knowledge of physics to industrial 
problems. The sub-committee on the supply of 
chemists refers also to complaints that toc many 
of those undertaking postgraduate training are 
encouraged to regard scientific research as the only 
worth-while career for a chemist; and it suggests 
that university departments should endeavour to see 
that both research and process needs are met 
adequately and appropriately. 

Apart frorn the reservation, in the report relating 
to chemists, that the position should be reviewed 
again in three years, the reports so far issued confirm 
the impression that university expansion has already 
proceeded far enough to meet the recommendations 
of the Barlow Report in respect of science subjects, 
and that the universities are already able to provide 
the nation with the predictable requirements of 
graduates in science and technology generally. 
Whether that is entirely true of technologists, at any 
rate in particular fields, is less certain. That the 
conditions under which the universities have for the 
most part expanded has prevented them from 
making the most of the students admitted is scarcely 
open to doubt. There is the further major question 
whether the universities have not admitted many 
students who should not have been trained at a 
university at all, but in the technical colleges. 


That, of course, is the central issue in the discussions | 
of the training of technologists which have followed | 


the appearance of the Percy Report, but it has been 
somewhat obscured by a further discussion on what 
is really a particular aspect—postgraduate training 
in technology. Confusion really arises because in- 
sufficient serious attention has been given to the 
fundamental questions on the answers to which the 
reorganisation of technical education in Great Britain 
in relation to the universities really depends. A 
recent P EP Broadsheet, ‘University Courses’’, is 
to be welcomed for the clarity with which it frames 
these main questions: What is it that distinguishes 
(or should distinguish) university study from study 
in other institutions of higher education? What 
type of young men and women are capable of profiting 
from this kind of study ? And how should they be 
selected for admission to a university ? It is in tiie 
light of answers to these questions thes we should 
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proceed to consider the further question whether 
existing university courses are those best suited to 
the studies and students desired. Only then can we 
really consider what additional provision should be 
made for higher education in non-university in- 
stitutions, and whether the problem can be solved by 
expanding existing institutions and increasing their 
numbers, or whether we need new institutions of a 
type hitherto unknown in Great Britain. 

The note on ““Technology in Universities” which 
has just been issued by the University Grants Com- 
mittee (London: H.M. Stationery Office. 4d. net) 
does not take this matter much further. The Univer- 
sity Grants Committee is satisfied that technologists 
should form part of the student body, and that it is 
to the advantage of industry that some of its tech- 
nologists should have been educated in universities 
in contact with students drawn from a wide variety 
of faculties. It recognizes that in some faculties of 
engineering an increase in the facilities for research 
is desirable, and also agrees that postgraduate activi- 
ties in the field of technology should be extended to 
include some postgraduate instruction as distinct 
from research. These suggestions, however, appear 
to rest essentially on pragmatic grounds, and in the 
brief note advancing them there is, doubtless for 
reasons of space, no indication of the fundamental 
implications of the situation. 

The view that, generally speaking, industry is not 
receiving a sufficient number of highly trained tech- 
nologists, which, as Dr. D. 8. Anderson pointed out 
to the Institution of Engineers on 
December 2, has been aserted specifically at the 
last two meetings of the British Association and 
elsewhere, has rarely led to the consideration of 
these primary questions ; and the nine questions on 
which Dr. Anderson invites discussion are really 
secondary and would be readily answered once the 
answers to the primary questions had been obtained. 
Prof. H. W. Swift went nearer to the fundamental 
issue in suggesting that a university undergraduate 
course should develop in the young technologist an 
understanding of physical science and an ability to 
apply this science to practical problems over a wide 
range. The acquisition of special technological 
material data is an essential part of his training as 
distinct from his education, and accordingly is more 
directly the responsibility of industry. Moreover, 
this is in accordance with the weight of the evidence 
that most employers to-day, in considering the type 
of men required for posts of responsibility, look, as 
Sir Ronald Weeks emphasized in his paper before 
the Home Universities Conference, not for mere 
academic brilliance or attainment alone, but rather, 
in addition, for the powers of leadership, quickness 
of decision and the ability to see a job through to its 
finish. 

While such views may well influence a university 
in deciding whether or not to include particular 
courses of study, they do not provide the real criteria 
by which to decide whether or not a subject is fit for 
inclusion in a university course. The University 
Grants Committee in its last report went some way 
in that direction ; but the universities might well go 
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further in conference towards the elaboration for 
public guidance of a clear statement of the criteria 
by which their judgments in this matter are formed. 
Political and Economic Planning in its broadsheet 
suggests tentatively four tests which could be applied : 
the subject of itself must raise problems of general 
interest ; it must be based on an established body of 
knowledge ; its study must provide an intellectual 
training; and it must demand a certain degree of 
initial preparation on the part of those pursuing the 
study. University students must have had a suitable 
educational preparation and have shown proof of 
intellectual ability. 

It will be obvious that these tests will scarcely help 
to resolve the present conflict of opinion as to whether 
the expansion of technological education should take 
place within the walls of the universities or by the 
expansion of the technical colleges and the creation 
of new types of institution for technological educa- 
tion. On both sides there are those who recognize 
that technological education, like a university course, 
at its best involves the presentation and study of 
knowledge in a form which raises in the mind of the 
student certain gener] or fundamental problems. 
These problems are posed in terms of the particular 
subject which he is studying—and should arise 
naturally out of his ordinary course without being 
injected or superimposed by artificial or deliberate 
devices. It should also be made clear to the student 
that similar problems arise in other fields of study, 
and he should be brouglit to appreciate that they are, 
at the deepest level, perennial and ubiquitous, 
requiring severe mental discipline and scrupulous 
integrity for their s lution. 

Education of this type must be associated with 
the advancement and consolidation of knowledge, 
and that is why the university has the twin in- 
separable functions of research and teaching. Any 
qualitative defects of the technical colleges of Great 
Britain may well be traced to the comparatively 
insignificant extent to which research has hitherto 
been associated with their teaching functions. 
Quantitatively, the defect may be due not so much to 
deliberate neglect of research as to the high cost of 
technological research, given the system under which 
technological education has hitherto been adminis- 
tered. Indeed, it has been suggested by Prof. A. R. 
Ubbelohde that technological education should be 
separated from the universities not because it is 
unsuitable for a university but because a different 
type of administration is desirable for advanced 
technological studies. Among engineers, current 
opinion appears to hold that technical training 
should be distinct from technological training, 
and that before a technological education is begun 
fundamental education such as is now provided by 
degree courses should be concluded. While it may be 
less generally agreed that technological and profes- 
sional education should be imposed on a university 
education and not provide a parallel or alternative, 
it is important that the distinction between technical 
and technological training should be more widely 
recognized. Confusion on this point has been 
responsible for much disagreement. 
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SCIENCE AND LEARNING IN THE 
FOURTEENTH CENTURY 


Introduction to the History of Science 

Vol. 3: Science and Learning in the Fourteenth 
Century. By Prof. George Sarton. (Carnegie 
Institution of Washington, Publication 376.) Part 1. 
Pp. xxxiii+ 1018. Part 2. Pp. xiv+ 1019-2155. (Balti- 
more, Md.: Williams and Wilkins Co.; London: 
Bailliére, Tindall and Cox, 1948.) £5 10s. Od. net. 


LL will learn with regret that Prof. George 

Sarton regards this as the last volume he will 
be able to complete of his “Introduction to the 
History of Science”, which was originally planned to 
reach the year 1900. But at least we can be thankful 
that he has been able to complete that part of the 
plan which covers the period—the twelfth to the 
fourteenth centuries—to which the greater part of 
his own researches have been devoted. The author 
estimates that, omitting unconscious or casual 
preparation, some twenty-seven years of work are 
represented in this last volume. It is no surprise, 
therefore, to discover the great wealth of information 
that has been collected in its 2,000-odd pages. What 
is more important, the information has been sifted, 
criticized and presented with great erudition and a 
wonderful breadth of scholarship. 

The two halves of the fourteenth century receive 
one part apiece. The book is to be used as a reference 
work. Only two introductory chapters, one for each 
half-century, surveying more briefly and connectedly 
the material which is to follow, are intended for 
consecutive reading ; and to me even these savoured 
more of the reference work than of the account 
intended to be ‘readable’. 

The greatest virtue of this work is certainly the 
breadth of its outlook. Virtually all peoples, all 
languages and all religions which have any relevance 
to the history of knowledge in the period receive 
attention—and, of course, every branch of science, 
as well as historiography, law, sociology and philology, 
which are not usually included in science in the 
English-speaking world. One finds seven pages on 
the life and labours of William of Occam, two pages 
on the mosaics of St. Saviour in Chora, five on 
treatises on military technology, two on Japanese 
medicine, a description of the Chinese census of 1370 
together with a reproduction of the official instruc- 
tions therefor, a paragraph on Buddhist atomism— 
these random selections obtained by flicking the 
pages must serve to indicate something of the variety 
of topics covered. 

The book is brought up to date as at May 1947 
by means of 41 pages of addenda; and in addition 
Prof. Sarton provides, through the columns of Jsis, 
@ continuous service of further addenda and errata. 
There is a bibliography of 40 pages, as well as 
numerous other bibliographical references in the text 
or in footnotes, There are three indexes: a general 
index (subject and author) of 174 pages, 8 pages of 
Greek index and &3 pages of Chinese index. That 
would seem to be more than adequate, and yet it 
was precisely in the index that the book seemed to 
me to be most deficient as a reference work. Under 
‘humanism’ only three pages are indexed ; they lead 
to one bibliographical item and two minor para- 
graphs; yet the work abounds in references to 


humanism which go unindexed, among them 14 pages 
(502-16) on Petrarca and five sections amounting to 
nearly 10 pages (1288-97) on humanism in various 
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European countries. Four pages (217-21) on mining 
and metallurgy are not indexed under either headi g. 
I noticed many other similar omissions. There are 
some peculiarities, too, in the arrangement of the 


text—the reader must be aware that topics are not 7 


always treated where they might be expected; he 
will miss a lot unless he is prepared to follow up 
every possible cross-reference. 

Not even Prof. Sarton can do everything, and for 
the potential reader it is perhaps as important to 
know what the book does not cover as what it does, 
Prof. Sarton’s definition of science as ‘“‘systematized, 
positive knowledge” allows him to include historio. 
graphy, law, socioiogy and philology among the 
sciences. But it also implies restrictions. The 
emphasis throughout the book is on knowledge rather 
than the obtaining of knowledge (that is, method). 
The author is usually more interested in what a mau 
knew, thought, believed or wrote than on how he 
reached his conclusions. He says (p. 17) that “Special 
pains have been taken to explain the emergence of 
the experimental point of view”. I have no doubt 
that the material for doing so is contained in the 
book ; but the arrangement does not permit of easy 
access to it. There is almost no discussion of method 
(experimental or other) as such ; and the index gives 
little help—one reference each for “experimental 
method” and “experimental point of view” (many 
important references to these are not indexed), four 
to “causality, principle of” (all on philosophical rather 
than scientific approaches to the question) and none 
to such headings as “teleology”, ‘“‘observation”’ and 
the like, which would be very useful to the student 
interested mainly in methodology. 

The definition of science as “knowledge’’ rather 
than “knowledge-and-power” (the Baconian view) 
also tends to restrict the scope of the book. Techno- 
logy, though not neglected, is rather sketchily and dis- 
connectedly treated, and (with a few exceptions such 
as some parts of chemistry) the treatment is but 
little integrated with the discussions of fundamental 
science. It is perhaps the same limitation that leads 
to the very full treatment of the religious, philo- 
sophical and cultural background and, in contrast, 
the almost complete omission of the social, economic 
and political background. Prof. Sarton agrees (p. 37) 
that ‘“‘Political and economic factors are obviously 
important ; we might even say that they are funda- 
mental”. But he leaves them to the reader to deal 
with, giving only 19 pages of “General Background”, 
which treat general history (mostly political) in a 
rather superficial way, and some incidental references 
to particular social influences on particular scientific 
events but without any attempt at a general inte- 
gration of scientific and social history. Indeed, it is 
in political and social matters only that I would dare 
to make criticisms of commission rather than omis- 
sion. Few historians would agree that “‘waves of 
socialisin were spreading over Western Europe in 
the fourteenth century” (p. 13); and to say that 
medieval thought overcame national boundaries 
(p. 78) is to give an entirely wrong emphasis, for at 
that time national boundaries had scarcely begun to 
exist. 

All these points, however, are not so much critic- 
isms as definitions of the limitations of this work. 
Limitations are not a disadvantage provided the 
reader is aware of them, and so does not seek in the 
book things which it does not pretend to contain. On 
those conditions he will find little to complain of in 
Prof. Sarton’s crowning achievement. 8, LILLEY 
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IDENTIFICATION OF 
ZOOPLANKTON 


Conseil Permanent International pour |’Explora- 
tion de la Mer 

Fiches d’identification du zooplankton, Nos. 1-17. 

Publi¢es sous la direction de Dr. P. Jespersen et F. 8. 

Russell. Pp. 74. (Copenhague: Andr. Fred. Host et 

fils, 1949.) 10 kr. 


CTING on a recommendation made by its 

Plankton Committee in 1939, the International 
Council for the Exploration of the Sea has started to 
issue a series of identification sheets for the zoo- 
plankton of the north-western Atlantic. The object 
of this venture is admirably summarized by Dr. P. 
Jespersen and Mr. F. 8. Russell in their editorial note. 
“These sheets are not intended to be short cuts to 
identifications, but they are to prevent unnecessary 
waste of time and possible introduction of errors of 
identification by plankton workers, who cannot be 
specialists in every animal group. The valuable 
Nordisches Plankton is now out of date for many 
groups, and it is difficult for a worker to make sure 
that all the latest literature on each group has been 
seen. Accordingly these sheets can be regarded as up- 
to-date guides on the present position in each group 
with references to the best literature for identification. 
Since they are issued in loose leaf form it is hoped 
that it may be possible to issue amendment sheets to 
keep them up to date.”” On seeing the sheets one 
feels confident that this, and more, will certainly be 
achieved. 

So far, seventeen sheets are available, covering the 
Chetognatha, Cladocera, Appendicularia, Thaliacea, 
Ostracoda, and, in part, the Hydromedusx, Pteropoda 
and Copepoda; also we have been told by the 
secretary-general of the International Council that 
the following are now in the press: ten on Copepoda 
including one on their nauplii, two on the Hydro- 
meduse and twelve on the Mysid#. We may hope 
that other important ones will soon follow, particu- 
larly those on the euphausians, the pelagic larve of 
molluscs, the fish eggs and fish lerve. These sheets 
have, in every case, been prepared by a leading 
authority and, thanks to the excellent format 
selected, compress a wealth of data into a conveniently 
small space. The salient points of a concise and 
esentially practical key are illustrated by line draw- 
ings, and references are given to the best works on 
the description and systematics of each species. A 
table gives the known distribution of each species in 
the area, and there is a selected bibliography on the 
distribution and ecology of every group. 

These sheets will not only be of value to plank- 
tologists and other marine biologists who have less 
frequent reason to resort to detailed identification, 
but also, and particularly so, to the student of 
invertebrate morphology and the less-experienced 
worker to whom the subject may be comparatively 
new. These latter will discover that the bibliographies 
have been expertly chosen. and that by using them it 
is possible to become familiar with the various 
plankton groups without the confusion and discour- 
agement which may well arise from the many contra- 
dictory statements to be found if the literature is 
read without guidance. 

The identification sheets should certainly be avail- 
able in every library. Then, as the series grows, the 
worker who wishes to recognize his plankton will 
become well equipped. The expert will have beside 


No. 4187 





NATURE 


129 








him an up-to-date guide to the literature and readily 
available data to aid his memory, while the student 
and the less experienced will be able to select the 
detail he requires without difficulty or waste of time. 
Biologists will frequently have reason to be grateful 
to the International Council, the editors and the many 
contributors for introducing this excellent source of 
information. K. M. Rag 


THE INERT GASES 


Handbuch der analytischen Chemie 
Herausgegeben von R. Fresenius und G. Jander. 
Teil 3: Quantitative Bestimmungs- und Trennungs- 
methoden. Band 8a: Elemente der achten Haupt- 
gruppe, Edelgase: Helium, Neon, Argon, Krypton, 
Xenon, Radon und Isotope. Bearbeitet von H. 
Kahle und B. Karlik. Pp. xii+120. (Berlin, Gét- 
tingen und Heidelberg: Springer-Verlag, 1949.) 
19.60 D. marks. 


ETHODS of separating or determining different 

elements of this group have much in common, 
since they are based mainly on the same chemical 
property of inertness and on differences in physical 
properties such as volatility, density and refractivity. 
It is not surprising, therefore, to find that the practice 
hitherto adopted in the ““Handbuch”’ of dealing with 
each element separately has been largely abandoned 
in the present volume in favour of a more general 
treatment. 

Except for a short description of special procedures, 
including sampling and measurement of the gases, 
the scope of the book is strictly confined to methods 
of detection, separation and quantitative determ- 
ination. The bulk of the subject-matter, contributed 
by H. Kahle, is arranged under three main headings : 
(1) determination of the total content of inert gas in 
a mixture; (2) methods of determining separate 
inert gases in an inert gas mixture ; and (3) individual 
treatment of inert gases, classed as light (helium, 
neon), medium heavy (argon) and heavy (krypton, 
xenon, radon). The book concludes with a separately 
indexed section (twenty-one pages) by B. Karlik 
dealing with radon and its isotopes, thoron and 
actinon. 

The methods are drawn from work published up 
to 1941 and, in some cases, from unpublished work 
of H. Kahle himself. A wide field of analysis is covered ; 
but the treatment does not aim at being exhaustive. 
Rather, a selection is made of the more important 
methods, particularly with regard to the requirements 
of industry, for «xample, the testing of argon and 
neon for the traces of impurities harmful to their 
use in electric lamps and neon signs. Methods 
important in fundamental research, including micro- 
methods, also receive attention, and among the 
more recent developments reference is made to 
the work of O. Hahn and F. Strassmann on the 
separation and determination of minute traces of 
radioactive krypton and xenon from uranium fission. 
Descriptions of some of the methods are brief, but 
are well supplemented by references to original 
papers. 

Features of the book are the methodical arrange- 
ment of the subject-matter and the profusion of line 
drawings. Because of its essentially practical value, 
the volume will appeal particularly to the laboratory 
worker. 
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T has been known now for some years that there 

is a fairly intimate connexion between geomag- 
netic storms and ionospheric disturbances. During 
and since the International Polar Year of 1932-33, a 
good deal of evidence has been accumulated which 
has demonstrated certain features of this connexion 
in high and medium latitudes. The most striking of 
these is the marked depression of the maximum 
electron density of the F,-layer during enhanced 
geomagnetic activity, a correlation established 
during ionospheric soundings made at both 
Tromso (lat. 69-6° N.; long. 18-9° E.) and Slough 
(lat. 51-5° N.; long. 0-6° W.). Nevertheless, there 
have also been noted certain features in the radio 
evidence which have indicated that this simple 
inverse correlation between F’,-layer critical frequency 
and geomagnetic storm index does not apply uni- 
formly at all times or for all locations on the earth’s 
surface. Appleton and Ingram", for example, found 
at Slough that, while the /,-layer critical frequency 
(f*F,) was, on the average, reduced during geo- 
magnetic storms, there were to be noted certain 
occasions when f{*F, was definitely above normal 
during storm conditions; while, later, Berkner and 
Seaton’, from a statistical study of ionospheric 
results at the equatorial station of Huancayo (lat. 
12° S.; long. 75° W.), showed that the value of 
f*F, for this station actually increased with increase 
of geomagnetic activity. In a recent study of the 
world morphology of ionospheric storms, we have 
found it possible to reconcile these apparently con- 
flicting results. Such an extended study of iono- 
spheric events, as regards both time and place, has 
been made possible by the institution of a network 
of ionospheric stations throughout the world for the 
collection of basic data to be used in ionospheric 
forecasting. 

The reconciliation of the conflicting results men- 
tioned above can pefhaps best be approached by 
reference to the accompanying graph, which exhibits 
the results of a statistical study of ionospheric data 
from the Radio Research Station, Slough. Days of 
major depressions of f*F, associated with geo- 
magnetic storm conditions were taken as zero days, 
and the average departures (A /f*F,) of f°F, from 
monthly mean noon values were calculated both for 
zero days and for a number of days before and after 
(superposed-epoch method). Here it will be seen 
that, for two days before the major departure 
(depression) from the monthly mean value, the 
critical frequency of the F,-layer was significantly 
above the average. After the major depression the 
recovery to normality is seen to be slow. The graph 
illustrates the starting point of our inquiry, for it 
shows that, at Slough, which may be considered a 
typical temperate latitude station, an ionospheric 
storm has a positive phase (that is, Af®*F, > 0) as 
well as the well-known negative phase (A /f*F, < 0), 
and that the positive phase precedes the negative 
phase. We have called this type of perturbation a 
‘biphase disturbance’. 

Very similar results have also been obtained for 
other stations at temperate latitudes in both the 


northern and southern hemispheres. If, however, we 
attempt to use the same procedure for an equatoria 
station, we find that there are comparatively few 
occasions when there is a sudden drop in /*F, for 
selection, and the resultant curves drawn are not 
consistent. If, however, we draw for an equatorial 
station a superposed-epoch curve for the storm days 
selected for a temperate latitude station on the same 
longitude, it is found that the equatorial station 
experiences a quite well-marked positive phase which 
roughly coincides in time with the temperate zone 
negative phase. 


Variation of lonospheric Storm Manifestation 
with Latitude 
The results described above may now be incor. 
porated in some more general statements concerning 


the results of the study of the variation of ionospheric 
storm manifestations with latitude. Taking high. 


latitude stations first, we may say that we have ~ 


confirmed the results obtained during the Inter. 
national Polar Year relating to the association 
between geomagnetic storminess and F’,-layer critical 
frequency depressions. At such stations we have not 
encountered a positive ionospheric phase during 4 
geomagnetic storm. With the onset of geomagnetic 
disturbance, the critical frequency of the F,-layer 
drops, and recovers during day-time as soon as the 
violent perturbations of the geomagnetic field subside. 
Indeed, the quick recovery to normality of the 
F,-layer when the geomagnetic storm abates is most 


noticeable, and suggests that such recovery is con- % 
trolled chiefly by the relaxation time of the layer, © 


which is normally of the order of one or two hours. 
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Superposed-epoch di illustrating the variation of noon 
F,-layer critical frequency at Slough during ionospheric storms 
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We propose to refer to such quick-recovery phases, 
which are characteristic of auroral-type conditions, 
as ‘Q.. negative phases’. The study of individual 
storms shows that Q.R. negative phases in the 
F, layer are more closely associated with the rate of 
change than with the amplitude of the geomagnetic 
field. 

As we have seen above, a different type of iono- 
spheric storm manifestation is often encountered at 
temperate latitudes, in that we obtain the positive 
negative phase sequence. It is found that the major 


S geomagnetic disturbance usually occurs during the 


earlier part of the biphase sequence, and it frequently 
happens that conditions are geomagnetically quiet 
during the slow negative phase. As is illustrated in 
the graph for Slough, the recovery in the negative 
phase may occupy up to three days; and for that 
reason we propose to call it, by contrast with the 
auroral-type phenomena, a ‘slow-recovery (S.R.) 
negative phase’. We have noted, occasionally, iono- 
spheric storms in temperate latitudes exhibiting a 
marked positive phase which has not been succeeded 
by a negative phase at all. The great geomagnetic 
storm of February 7 and 8, 1946, was, for example, 
associated only with a positive ionospheric phase at 
Slough, though Q.R.-type negative phase effects were 
observed at Washington (lat. 39° N.; long. 77° W.). 
This illustrates the fact that Washington behaves 
more like an auroral-type station than does Slough, 
although its geographical latitude is lower than that 
of Slough. 

As we proceed from temperate latitudes towards 
the equator, we find the S.R. phase of an ionospheric 
storm becoming less pronounced; so that, at an 
equatorial station such as Huancayo, only the 
positive phase is experienced. As mentioned above, 
the full development of the positive phase at an 
equatorial station is usually delayed until the 
associated negative phase at temperate-latitude 
stations is near its maximum. 


lonospheric Accompaniments of Sudden-Com- 
mencement Geomagnetic Disturbances 


In a closer study of F,-layer variations at individual 
stations, we have found most remarkable ionospheric 
changes to accompany ‘sudden-commencement’ geo- 
magnetic disturbances. On many such occasions we 
have noted a rapid depression of f*F,, followed 
immediately by a short positive phase. This quick 
depression, which we have detected only in data from 
temperate and higher-latitude stations, is often missed 
in hourly routine ionospheric measurements since it 
seldom lasts longer than half an hour. We believe, 
however, that it usually occurs on the sunlit side of 
the earth when the S.C. disturbance is large. 


Influence of lonospheric Storminess on F,-Layer 


Variability 
Although the day-to-day variations of the general 
day-time level of F,-layer ionization are found to be 
similar for closely adjacent stations, the correlation 


bof the variations of day-time /*F, between a pair of 


stations falls rapidly as the distance between the 
stations is increased. This suggests that the variations 
of f°, from day to day are not, in general, due to 
variations in the intensity of the solar ionizing 
radiation ; otherwise we should expect variations to 
be similar over the sunlit hemisphere. (It should be 
mentioned, however, that we have noted a single 
occasion, at a time of sunspot minimum, when a 
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single spot occurred on the sun’s disk and when the 
ionization densities of the H-, F- and F,-layers 
increased simultaneously at all stations on the sunlit 
hemisphere. ) 

We are of the opinion that ionospheric storm 
phenomena contribute substantially to the general 
F,-layer variability. As has been shown, quite 
different signs (positive or negative) of f°’, deviation 
may be experienced at stations of the same longitude 
and different latitude. Moreover, we have found that 
the extent of ionospheric storms is usually sur- 
prisingly limited in longitude. As there is also a 
marked diurnal control of ionospheric storm mani- 
festation, we usually find little correlation between 
the simultaneous variations of f*F, at stations of 
similar latitude when they are separated by more 
than 60° in longitude. A further cause of the lack 
of uniformity in F,-layer variability is that iono- 
spheric storms are seldom equally developed in the 
northern and southern hemispheres, uni-polar storms 
being more frequent than bi-polar storms. 

The general type of response of a given station to 
ionospheric storminess is certainly more nearly cor- 
related with magnetic than with geographic latitude, 
though even in the former case the connexion is only 
rough. Washington, for example, mostly behaves 
like an auroral-zone type of station, whereas Burg- 
head (lat. 58° N.; long. 3° W.) and Leningrad (lat. 
60° N.; long. 30° E.) are predominantly non-auroral- 
type medium-latitude stations, although all three lie 
on the same magnetic latitude. 

The work described above was carried out as part 
of the programme of the Radio Research Board and 
is published by permission of the Department of 
Scientific and Industrial Research. 


' Appleton and Ingram, Nature, 136, 548 (1935). 
* Berkner and Seaton, Terr. Mag., 419 (Dec. 1940). 


INSTITUTE OF BIOLOGY 


"THE first general meeting of the Institute of 
Biology was held at King’s College, London, on 
January 5, 1950, and attended by more than 150 
biologists, representing most branches of the subject. 
The chair was taken by Dr. Edward Hindle, who 
opened the meeting with a brief review of the stages 
which had marked the formation of the Institute. 

In April 1946 the Council of the Association of 
British Zoologists decided to call a meeting, which 
should be representative of professional biologists in 
all branches of the subject, to give further con- 
sideration to the possibility of founding an Institute 
of Biology. At this meeting, held in May, it was 
unanimously agreed that such a professional Institute 
was desirable, and the Biological Council was re- 
quested to explore the matter further and formulate 
proposals. 

The Biological Council met in October, but could 
not agree that the demand for an Institute had been 
proved. Dr. J. F. Danielli, Dr. E. Hindle and Dr. 
C. B. Williams were therefore asked to consider the 
matter in greater detail and prepare a report. 

This report was put before the Bio'ogical Council 
in May 1947, redrafted, and finally approved in 
March 1948. In the autumn of that year more than 
eight thousand copies were printed and circulated to 
biologists through the various biological societies. 
By February 1949 more than 750 replies had been 
received in support of an Institute, and the Biological 
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Council appointed a sub-committee (with Dr. Hindle 
as chairman) to proceed with its formation. 

This sub-committee issued invitations to a number 
of eminent biologists to join a provisional council, 
which held its first meeting on October 28, 1949. 
Prof. J. F. Danielli and Dr. R. J. C. Harris were 
appointed respectively to the office of honorary 
secretary and assistant secretary for the period 
ending October 1, 1950. The Provisional Council also 
arranged the general meeting, and agenda and forms 
of application for admission were sent in December 
to all those who had indicated their support for an 
Institute. 

After his opening remarks the chairman declared 
the meeting open to discussion and various proposals 
were put forward for consideration. 

With reference to the composition of the Council, 
Dr. T. Goodey felt that applied biologists were not 
as fully represented as they should be. Dr. G. Ponte- 
corvo proposed that a geneticist should be included, 
and other speakers wanted a Scottish regional 
representative. The chairman agreed that the present 
Council was not fully representative (for example, no 
paleontologist was a member) and the meeting 
unanimously accepted the proposal of Dr. H. R. 
Hewer that the Council should be given the power 
to co-opt. 

The meeting agreed that the Provisional Council 
should be confirmed as the first Council of the 
Institute, that it should be empowered to further the 
aims and objects of the Institute as determined by 
the meeting, and that it should hold office until the 
close of the annual general meeting in 1951. Dr. 
Hindle was unanimously elected president of the 
Institute and chairman of the Council, which is con- 
stituted as follows : 


Dr. Edward Hindle (chairman), 
Prof. J. F. Danielli (honorary secretary), Prof. T. A. 
Bennet-Clark, Prof. G. E. Blackman, L. J. F. Brimble, 
Dr. D. G. Davey, Captain Cyril Diver, Dr. J. W. 
Evans, Prof. A. Graham, Prof. J. Gray, Prof. A. 


Haddow, Dr. J. Hammond, Dr. C. Horton Smith, 
Prof. W. H. Pearsall, N. W. Pirie, and F. 8. Russell. 

The general aims and objects of the Institute were 
next discussed. The meeting agreed that these should 
be: (a) the provision of a representative body of 
biologists; (6) the elevation of the profession of 
biologist and the advancement and diffusion of a 
knowledge of biology, pure and applied, and 
especially (i) to promote the efficiency and useful- 
ness of its members by setting up a high standard of 
professional and general education and integrity ; 
(ii) to establish and maintain a benevolent fund ; 
(iii) to keep an appointments register ; (iv) to form 
local and overseas branches ; (v) to provide a central 
office and meeting-place. 

In view of the considerable interest in the Institute 
already shown by biologists in many parts of the 
Commonwealth, Dr. J. W. Evans devoted special 
attention to (b) (iv). The Council, he stated, was 
anxious to make definite provision for the differing 
requirements of home and overseas biologists, and if, 
as was hoped, large numbers of the latter joined the 
Institute, overseas branches would be desirable. 
Obviously, the first job was to complete the establish- 
ment of the parent body; but the Council hoped 
that both overseas and local branches would develop 
in the future and, by their activities, make worth- 
while contributions to the progress of the parent 
Institute. 

Prof. J. F. Danielli then opened a discussion on 
conditions of membership. The memorandum out- 
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lining a proposed Institute had had a wide circulation 
among biologists, and the suggested recommendations 
concerning grading of membership (into ordinary 
members and fellows) had been much criticized. The 
Council now proposed that, at least until the next 
general meeting, qualified professional biologists 
should be admitted into one category only. This 
proposition and a further suggestion, requesting the 
Council to examine the feasibility of a student 
membership for prospective full members, were 
accepted unanimously. It was further agreed that 
all applications for membership (and every pro. 
fessional biologist, whether a university graduate or 
not, is invited to apply) should be dealt with by the 
Council. 

Prof. Bennet-Clark stressed the fact that a pro. 
fessional Institute was not. and could not act as, a 
trade union ; but it was not debarred from taking an 
interest in the financial, as well as the professional, 
interests of all its members. The sister Institutes of 
Chemistry and of Physics had already obtained 
data concerning the salary structure of their member. 
ship in relation to age and type of employment. It 
would be desirable to make an early and similar 
assessment of this structure for the profession of 
biology, in order that comparison might be made 
with the sister professions, and that data should be 
available for the use of the envisaged appointments 
register. The meeting agreed that the Council should 
be empowered to conduct a suitably safeguarded 
salary census in conformity with the practice of 
other Institutes. 

It was further agreed that the Council should con. 
sider the desirability and practicability of compiling 
a register of biological consultants similar in function 
to that already in existence in chemistry. Such a 
register might also define the scope of such consulting 
work, lay down standards and formulate a code of 
practice, with regard to advertising and standard- 
ization of fees. 

The meeting concluded with a unanimous expres. 
sion of thanks to the Biological Council, the Society 
for Experimental Biology and the Biochemical Society 
for their financial assistance, and to those biologists, 
especially Prof. J. F. Danielli, who had devoted so 
much effort to the founding of the Institute. 

Further information concerning the Institute can 
be obtained from the Assistant Secretary, Institute 
of Biology (at the temporary office), Chester Beatt 
Research Institute, The Royai Cancer Hospital, 
Fulham Road, London, 8.W.3. 


SNOW FLORA OF THE SCOTTISH 
HILLS 


By SETON GORDON, C.B.E. 


ITTLE has been written of the so-called perpetual 

/ snow-beds of the Scottish mountains and of the 
vegetation which grows—exists rather than flourishe 
—near them. There are two well-known snow-field& 
which almost always remain unmelted throughout 
the year. One of them is on Braeriach, one of the 
Cairngorm hills, and the other is on Ben Nevis, 
which, standing near the west coast, is the highest 
mountain in Great Britain. Larger than either o/ 
these two at the beginning of summer is the field o/ 
snow which lies north-east of the surmnit of Ben 


MacDhui, 4,296 ft. in height; but this great snow- 





N 


field, | 
the wi 
the tw 
| belie 
vessels 
The 
lie at, 
east, § 
every 
giti0 
Pid ' 
hottest! 
as wel 
margi! 
snow | 
of the 
a shor 
zone V 
with s! 
Octobe 
The 
at the 
day of 
by the 
sun fo 
sun-ba 
acaulis 
in full 
yards 
winter 
bed is 
influen 
plateat 
wind-s 
swept 
field in 
As Ih 
I have 
had ot 
stones 
gale. 
experi 
a strai 
or at 
appre a 
South 
Let 
and al 
snow-f 
Nevis 
water 
approa 
approa 
it may 
more | 
westwe 
waterf. 
upon f 
and tl 
aroma 
hardy 
procun 
the hi 
Europ 
As 1 
that li 
behind 
He rea 
its ma 
snowy 
Carer 






lation 
lat ns 
dinary 
l. The 
B next 
log Sts 

This 
ng the 
bucdent 

were 
1 that 
' pro- 
ate or 
by the 


4 pro. 
as, 8 
Ing an 
310nal, 
ites of 
fained 
mber- 
it. Tt 
imilar 
On of 
made 
ld be 
nents 
hould 
arded 


ce of 


con- 
piling 
ction 
ich a 
ilting 
de of 


dard- 


‘pres 
ciety 
ciety 
gists, 
ad so 


» Can 
itute 
satty & 
pital, 


ISH 






etuai 
f the 
ishe 
fields 
hout 
P the 
evis, 
thes? 
r of 
ld ol 
Ben 
nOW 





















a 
‘ 





187 January 28, 1950 


the wind, usually disappears by the autumn. Unlike 
the two other snow-fields, it is visible from afar, and 
[ believe in favourable conditions can be seen from 
vessels on the North Sea. 

The snow-bed on Braeriach and that on Ben Nevis 
lie at, or near, the 3,600-ft. level; both face north- 
east, and both are almost entirely screened from 
every wind that blows. It is to their sheltered 
position that they owe their long life, for a strong, 
mild wind in summer melts snow faster than the 
hottest sun; these snow-beds are screened from sun 
as well as from wind. The plants which grow at the 
margins Of the snow-fields are usually beneath the 
snow from November until July. Nearer the heart 
of the snow-fields their emergence is progressively for 
ashorter period, until, at the extreme margin of the 
zone which supports plant life, they may be covered 
with snow from late in one October until early in the 
October of the following year. 

The climber who approaches the great snow-field 
at the head of Garbh Choire Mor of Braeriach on a 
day of mid-summer sunshine cannot but be impressed 
by the cold snow-field, brilliantly illuminated by the 
sun for a short time around mid-day, and the warm 
sun-bathed slopes near it, where already Silene 
gwaulis and Saxifraga stellaris, with other plants, are 
in full bloom. He passes, in effect, in a few hundred 
yards from mid-summer conditions to those of mid- 
winter or earliest spring. At mid-summer the snow- 
bed is still so extensive as to exercise a considerable 
influence on the climate near it. I have been on the 
plateau of Braeriach in June when a local gale, with 
wind-speed exceeding sixty miles per hour, has 
swept the plateau, its origin being the great snow- 
field in the depths of the Garbh Choire 500 ft. beneath. 
As I have fought my way to the edge of the plateau 
I have felt the temperature fall, as though a cloud 
had obscured the sun, and have been stung by small 
stones lifted from the ground by the force of the 
gale. The sensation under such conditions which one 
experiences standing perhaps a quarter of a mile (in 
a straight line) from that great snow-field is similar, 

r at least calls to mind, that experienced when 
approaching the ice on the Greenland Ocean off the 
South Cape of Spitsbergen. 

Let me describe first the vegetation which appears, 
and almost at once begins to grow, as the Braeriach 
snow-field gradually melts, and, later, that of the Ben 
Nevis snow-field, cradled high above the brackish 
water of Atlantic sea lochs in Lochaber. As one 
approaches the Braeriach snow-bed—the usual 
approach is by the Garbh Choire from Glen Dee, but 
it may be reached by climbing Braeriach from Avie- 
more and descending into the corrie just to the 
westward of where the Dee drops in a series of 
waterfalls from the Braeriach plateau—one walks 


S upon a carpet of ling (Calluna vulgaris) with, here 


and there, a few small juniper bushes with highly 
aromatic wood and, on dry granite ridges, that small 
hardy plant with pink china-like flowers, Azalea 
procumbens. This small plant in summer beautifies 
the high hills of Norway, Switzerland and other 
European countries. 

As the climber approaches the snow, he notices 
that ling, juniper and the creeping azalea are left 
behind—the growing season is too short for them. 
He reaches the snow, let us say, in early August. At 
its margin plants are being daily released from the 
snowy covering. Various species of hill grass and 
Carex lie brown and flattened by the weight of snow 
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which for months has held them prisoners. ‘lhe grasses 
seem devoid of life. Among the plants Alchemilla 
alpina, the alpine lady’s mantle, is seen to be sending 
out small green leaves, as yet rolled up; when 
released from the snow, this plant is swifter in growth 
than any grass, Here and there among the screes, 
the parsley fern (Allosurus crispus) is unrolling its 
green fronds, and that plant of ancient lineage, the 
club moss (Lycopodium selago), badge of the wild 
MacRaes and of the proud MacKenzies, seems to 
have lost none of its freshness after its nine-month 
imprisonment. 

If the observer should return to the snow-bed at 
the beginning of September, he may find summer 
conditions still prevailing, or he may see fresh snow 
lying on the Arctic plateau of Braeriach, where, at 
4,000 ft. above sea-level, the climate resembles that 
of Spitsbergen rather than of Scotland, and where an 
early September snowstorm is not so infrequent as 
might be imagined. He will notice that the old snow- 
field has considerably receded during the month of 
August and that, where the snow has recently melted, 
small plants of cudweed (Gnaphalium supinum) and of 
Savifraga stellaris are beginning to grow. At a little 
distance from the snow the grasses are beginning to 
flower. In mid-October he will see that Savifraga 
stellaris has small flower-buds, and that a few plants 
of Gnaphalium supinum have flowered and may even 
have formed seeds. Yet in an average season, at 
mid-October these plants have but ten days more of 
activity before the new snow covers them afresh. 

If the autumn be mild and snowless, the climber 
may return to the snow at the beginning of November 
(yet even in 1949, after the exceptional summer and 
autumn, new snow had fallen before the close of 
October) and will then find the snow-field at its 
lowest ebb. He will see that Savrifraga stellaris has 
been unable to flower, for its growth has been checked 
by the severe frosts which prevail there on clear 
nights in October. Yet even in November he is likely 
to see moss covering the ground and the rocks to the 
very edge of the snow. From my observations of this 
snow-bed during most autumns since 1908, I have 
found there are cycles when this moss may remain 
hard-frozen beneath the snow for the space of some 
half-a-dozen years, without loss of vitality. At the 
close of this prolonged imprisonment the plants have 
perhaps no more than a fortnight when it is possible 
for them to grow before they are again covered, and 
during that fortnight the weather may be cold, with 
long nights of frost. It is remarkable that the mosses 
are able to remain alive under these unfavourable 
conditions. 

There are years when a warm summer following a 
mild winter causes the snow-bed to shrink to small 
dimensions, yet I have never seen it disappear. 
It was, for example, confidently predicted that the 
snow would be found to have gone by mid-October 
1949; but the place was visited only three days 
before the snow of autumn again covered this high 
corrie, and a small snow-field, a sheet of ice rather 
than of snow, with a depth of approximately 2} ft., 
still remained. During these exceptional years—and 
I have known three of them since 1908—the rocks 
and boulders at the edge of the snow give the impres- 
sion that they have recently fallen from the cliff 
above, for they lack the normal growth of moss and 
lichen. 

If we except the mosses, the plant found nearest 
to the snow at its lowest ebb is Savifraga stellaris. 
This plant is evidently able to maintain life if it has 
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even a short growing”pericd ; it would be interesting 
to know whether under these conditions it lives for a 
greater number of years than those of its race which 
grow freely, and perhaps exhaust themselves pro- 
ducing seed. The water trickling from the snow-bed 
provides the damp environment favourable to it. 
One may unexpectedly find a small colony of hare- 
bells (Campanula) beneath the rocks perhaps two 
hundred vards from the snow-bed, but outside its 
norma! influence. Snow-buntings are often seen near 
the snow; and for some years a blue hare had its 
home there, and my collie dog habitually put the 
animal up from boulder-strewn ground at almost 
always the same place. The animal may have found 
Gnapil.alium supinum (a favourite plant with sheep) 
to its liking. 

Fifty miles by air westward from Braeriach lies Ben 
Nevis, where a snow-field lies almost always unmelted 
beneath a high precipice which falls from the hill-top 
to the north-east. The surroundings of the snow-bed 
are sunless, dark and gloomy, and the rainfall there 
greatly exceeds that on Braeriach. The rocks which 
rise almost sheer above this snow-bed are higher than 
those which shelter the Braeriach snow-bed from the 
winds. I have mentioned that on Braeriach the sun 
in summer does shine for a time upon the snow, but 
I doubt if the Ben Nevis snow-field is lit up by 
sunshine at any time. The steep screes, which are 
unstable and easily provoked into a slide, are un- 
favourable to plant life, and with the exception of 
mosses and lichens on the stones there is no plant 
near the edges of the snow-bed except Savifraga 
stellaris, which grows luxuriantly, although it has no 
time to form flowers. Its presence here is not without 
interest, as its seeds are almost certainly carried by 
the wind, perhaps also on the drifting snow during 
winter blizzards, from the edge of the plateau far 
above, where is to be found, at an elevation of 4,300 ft., 
the highest colony of this saxifrage in Britain. Indeed, 
the colony may be the highest of any phanerogam 
in the British Isles. 

This account may fittingly be ended with a brief 
note on the possibility of perpetual snow existing in 
Britain. There are, as I have stated earlier, only 
two snow-beds which might be thought to be relics 
of the snow of the Ice Age. One of them is on Ben 
Nevis, the other on Braeriach. There have been 
rumours that in two years recently, when a mild 
winter was followed by a warm summer and autumn, 
the Ben Nevis snow-bed had disappeared. On 
Braeriach, it was reported to me that, about the year 
1935. the snow had gone also. Yet when the 
Braeriach bed shrinks to its lowest ebb, it may well 
escape notice, as it recedes into a ‘pocket’ and 
becomes discoloured and ice-like ir character. 
Indeed, on one occasion I reached a neighbouring 
‘pocket’ and found it free of snow for the first time 
in my experience; and even then I was unable to 
see the bottom of the main ‘pocket’, although I was 
only a few yards from it. To my surprise, I found 
that the second ‘pocket’ still contained snow. There 
is, therefore, a possibility that this snow-bed is 
permanent ; if so, it is the only perpetual snow in 
the British Isles. 

Certain Highland families traditionally hold their 
land on the condition that they are able to supply 
the King with a bucket of snow whenever he should 
pass that way. The Camerons of Glen Nevis, 
the Grants of Rothiemurchus, and the Munros of 
Foulis are all supposed to hold their lands on this 


condition. 
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CHEMICAL ASPECTS OF ATOMIC 
ENERGY 


O* November 9 a symposium on “Chemical 
Aspects of Atomic Energy” was held in the 
University of Manchester. The meetings were 
arranged by the Manchester local section of the 
Chemical Society, in conjunction with the Society 
of Chemical Industry and the Royal Institute of 
Chemistry, and papers were presented by members 
of the staff of the Aiomic Energy Research Estab. 
lishment. 

In an introductory lecture, Dr. R. Spence (head 
of the Chemistry Division, Atomic Energy Research 
Establishment, Harwell) gave a broad survey of the 
role of the chemist in the atomic energy programme, 
and of the facilities for chemical research that have 
been set up at Harwell. After reviewing the develop. 
ment of the chemical effort from the time of the 
Tube Alloys Project, through the international 
co-operation at Montreal and later at the National 
Research Council laboratories at Chalk River, 
Ontario, he outlined the present organisation. In 
addition to the short-term problems that arise from 


the technological side of the work, there is need for 


a wide variety of fundamental research. Shorter. 
term work at Harwell includes technological investi- 
gations, the development of methods for extracting 
radio-isotopes of high specifie activity and very high 
purity from materials irradiated in the British piles, 
and an extensive range of unusual analytical prob. 
lems. For longer-term work, research groups are 
working in the fields of physical chemistry, with 
particular reference to ion exchange and the properties 
of concentrated solutions of electrolytes; radio- 
chemistry, especially on problems related to the 
fission products ; radiation chemistry (equipped with 
a 2-MeV. Van der Graaf generator, for producing 
monochromatic y- and §-radiation) and inorganic 
chemistry. The interests of these groups were reflected 
in the other papers of the symposium. As the chair- 
man, Dr. F. Fairbrother, stated in his opening 
remarks, the work of the chemist enters in at every 
stage of pure and applied nuclear studies. 

The place of the trans-uranic elements in the 
Periodic ‘Table was discussed by Dr. J. S. Anderson. 
It has been unambiguously established that nep- 
tunium and plutonium have no similarity to rhenium 
and the platinum metals; we may infer that they 
belong to a transition series in which 5f, rather than 
6d, electron-levels are being filled. We have to weigh 
the physical and chemical evidence to decide at what 
atomic number the 5f-levels first become tenanted, 
and to assign configurations to the known elements 
up to curium (Z = 96). Spectra of the heavy elements 
are complex ; but Kiess and Meggers have assigned to 
uranium the ground-state 5f*6d7s*. Americium is said 
to have a simpler spectrum resembling europium ; 
this would point to the ground-state 5/77s?. The 
absorption spectra (for example, of U!Y, PuY!, Pul’) 
rather resemble those of the rare earths amd are sug- 
gestive of ‘forbidden’ transitions between 5/-levels. 
The magnetic moments of ions with effective atomic 
number ranging from 86 to 92 (Ac**+, Th**+, Us. 
Am**) show a regular trend resembling that in the 
rare-earth series, but quantitative evaluation is not 
yet possible. 
state changes regwarly from uranium (U**+), through 
neptunium (Np**), plutonium (Pu‘*) and americium 


(Am**) to the apparently constant trivalency of 
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curium. ‘Horizontal’ relationships are clear between 
the oxy-cations UO,**, NpO,**, PuO,**, and between 
the tetravalent states of all elements from thorium 
to plutonium or americium. Marshalling evidence 
from the solution chemistry and crystal chemistry of 
the halides, oxides, sulphides and phosphides of the 
heavy elements. with special reference to recent work 
on the lower valencies of thorium and the complex 
intermediate oxide phases of uranium, Dr. Anderson 
suggested that the following tentative conclusions 
can be drawn: thorium is the true analogue of 
zirconium and hafnium, that some 5/-levels are 
Halrealy tenanted in neutral uranium, and that the 
analogy of curium to gadolinium rests on suggestive, 
but incomplete, evidence. The practically unknown 
chemistry of protactinium leaves a gap at a most 
interesting point, and it is to be hoped that this may 
be remedied during the next few years. 

Dr. FE. Glueckauf, in a paper on the physical 
chemistry of solutions of uranyl nitrate, presented 
gome new results on the constitution of such solutions 
and their partition equilibria with non-aqueous sol- 
vents. With solutions of concentration up to 2M, the 
activity coefficient of uranyl nitrate is higher than 
that of nitrates of other bivalent cations, but at 
higher concentrations association to [UO,(NO,)]* 
and [UO,(NO,),] occurs very markedly. The solutions 
are unique in the high partition coefficients for dis- 
tribution of uranyl nitrate between water and esters, 
ethers, ketone and alcohols. In each type of solvent 
the solubility increases regularly with the oxygen/ 
carbon ratio, irrespective of the nature of the solvent 
-for example, ordinary ethers derived froin aliphatic 
or cyclic raclicals, poly-ethers (such as dibutyl 
cellosolve) or cyclic ethers such as dioxane. More- 
over, while the partition coefficients of nearly all 
divalent nitrates, between water and dibuty! tetra- 
glycol, fall (on a relative scale) between 1 and 100, 
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Bcomplexes 


Bdifferent types of fission available for study. 


that of uranyl nitrate is 10%-10*. In ethyl! ether the 
difference is still greater, partition coefficients of 
cobalt nitrate, copper nitrate, and uranyl nitrate 
being in the ratio 1: 2: 107. In the organic solutions, 
urany! nitrate is mainly undissociated electrolytically 
the dis- 
solved entity is [UO,(NO,),(H,O),)}. This information 
enables the partition equilibria in concentrated 
organic solutions to be treated quantitatively. From 
the organic solutions, solid complex compounds 
(U0,(NO,),(H,0),(S)]) and  [UO,(NO,),(H,O),(S),] 
(S = solvent molecule) have been isolated, and it is 
reasonable to formulate the known ammonium uranyl 
double nitrate as (NH,), [CO,(NO;),(H,O),]. In the 
solid hexahydrate and its aqueous solutions, the 
[UO,/H,O),}(NO;),, [UO,(NO,)(H,O),] 
(NO,) and [UO,(NO,),(H,O),} probably exist. The 
(U0,NO,)(H,O),)* ion differs in absorption spec- 
trum from the [UO,(H,O),/?* ion, suggesting that the 
nitrate ion may be covalently bound. The mechanism 
of such covalent binding, and of the remarkably 
strong solvation of the neutral complex by organic 
molecules, cannot be stated with certainty: Dr. 
Glueckauf outlined some hypotheses consistent with 
the present evidence. 

Mr. F. Morgan described recent advances in the 
chemistry of fission products, as shown in published 
American, Canadian and British work. One problem 
is that of the fission yield—the fraction of fissions 
giving rise to a particular mass number—in the 
The 
yields of noarly all mass chains in the fission of 
uranium-236* (from the uranium-235 — slow-neutron 


NATURE 





135 


reaction) are now accurately known, though the 
distribution of nuclear charge is the subject of active 
work at Harwell and elsewhere. The shape of some 
fission yield curves are now well known ; the ratio of 
the syinmetrical mode of fission of uranium-235 to 
the most probable, asymmetric mode is about 1 600 ; 
with uranium-233 and plutonium-239, asymmetric 
fission by thermal neutrons is also favoured. With 
sufficient deformation, most heavy nuclei undergo 
fission. Thus thorium-232 (threshold 1 MeV.) has 
been studied with different neutron energies; the 
ratio of symmetrical fission to most probable mode 
rises from 1/100 for neutrons of 2 MeV. to 1/15 
for neutrons of 13-19 MeV. A similar increase 
in symmetrical fissions is found by comparing the 
processes **Th + high-energy «-particle — ***U, 
with *°U + 1,n (thermal) — ***U. Finally, in the 
fission of bismuth-209 with 200-MeV. deuterons, the 
yield curve has a single symmetrical peak about 
mass 99-100; the lighter fragments have a neutron 
excess, the heavier fragments being neutron-deficient 
(x-active) or stable. Knowledge of the neutron- 
capture cross-sections of fission products is important 
for the economic operation of piles. Such measure- 
ments involve either successive neutron-capture pro- 
cesses— the vield being measurable only if exceptional 
neutron fluxes are available—or the isolation of the 
fission products in carrier-free state. Physico- 
chemical methods of separation—for example, by 
solvent extraction or ion-exchange processes—are 
particularly suitable, and lend themselves to use in 
shiellod apparatus at high levels of activity. In- 
dividual rare-earths as well as the new elements 61 
(promethium) and—especially interest ing— 43 (tech- 
netium) can be isolated from fission products by 
these means. 

The last paper, on chemical effects of radiation, 
was given by Dr. W. Wild, under the chairmanship 
of Prof. M. G. Evans. The use of materials in and 
around the structure of a nuclear reactor is limited 
by radiation damage, while detailed studies of 
chemical effects are needed to provide the physico- 
chemical background of biological studies. In a pile, 
fission fragments and f-radiation are largely absorbed 
within the fissile material, but moderator, coolant 
and structural material are subject to the effects of 
y-radiation and fast neutrons. The primary effect. of 
radiation is to excite or ionize molecules, the ejected 
electrons causing secondary ionization until they 
are slowed down and captured. The positive ion 
(A*) may then undergo either decomposition (into 
radicals or stable molecules), reaction with other 
molecules, exchange of charge or neutralization by 
collision with a negative ion. Hence, the primary act 
of excitation may initiate a series of chemical changes. 
The radiation decomposition of water is an important 
reaction of this type, leading on long irradiation to 
evolution of hydrogen and oxygen, and the main- 
tenance of a stationary concentration of hydrogen 
peroxide. The current view is that the initial provess 
furnishes H,O+ and electrons; the former react 
(H,O* + H,O + H,O* + OH) to give hydroxyl] 
radicals, and the electrons lead ultimately to liber- 
ation of hydrogen—e + H,O +H,0-, H,O- + 
OH-~ + H. In the absence of solutes, hydrogen and 
hydrogen peroxide resuit (2H — H,, 20H — H,0O,); 
but in a closed system a stationary state is reached 
in which the back reaction proceeds by a chain 
mechanism—OH + H, — H,O + H,H + H,O, > 
H,O + OH. In the presence of dissolved oxygen, 
hydrogen atoms react to form more hydrogen per- 
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oxide. These reactions, and the effects of oxidizing 
and reducing ions in solution, can now be correlated 
with other studies of oxidation — reduction processes. 
In ionic solids, highly ionized atoms resulting directly 
from the collision of fast neutrons lose most of their 
energy by electronic excitation, but near the end of 
their track they must suffer elastic collisions. Atomic 
displacement and the rupture of chemical bonds 
thereby result, and the physical properties of solids 
are modified. A third field of radiation chemistry is 
in the study of ‘hot-atom’ chemistry——the ultimate 
chemical fate of atoms formed, often with high recoil 
energies, in nuclear reactions. To this category belong 
Szilard—Chalmers processes, and the formation of 
hydrogen cyanide, carbon monoxide and carbon 
dioxide, containing carbon-14, during the neutron 
irradiation of ammonium nitrate. 
J. S. ANDERSON 


OBITUARIES 
Dr. A. E. V. Richardson, C.M.G. 


‘THe death occurred in Melbourne on December 5, 
at the age of sixty-six, of Dr. A. E. V. Richardson, 
who for the last forty years has given distinguished 
service to the agricultural and pastoral industries of 
Australia. Born in Adelaide, Dr. Richardson’s con- 
nexion with agriculture began when he was a student 
at Roseworthy Agricultural College. He studied 
science at the University of Adelaide, where he 
graduated M.A., B.Sc. In 1909 he was appointed 
assistant director of agriculture in South Australia, 
and in 1911 transferred to the Victorian Department 
of Agriculture as superintendent of agriculture. The 
purpose of his appointment was to put the activities 
of the Department on a scientific basis, and this was 
realized to the full. Richardson threw himself into 
his work with tremendous energy, and changed the 
whole basis of departmental advice from ‘expert’ 
opinion to the results of carefully planned experi- 
ments. He reviewed the scope of the State research 
farms and consolidated their work into three main 
stations: the Experiment Farm at Rutherglen, 
where work on the top dressing of pastures led to the 
establishment of subferranean clover throughout 
Victoria ; the Central Research Farm at Werribee, 
working on cereal breeding; and Longerenong 
Agricultural College, which was responsible for the 
introduction of improved cultivation methods of 
wheat farming. As a result of his work, new wheat 
varieties were developed and many improvements 
made in wheat farming practice. Wheats developed 
from Werribee now represent 86 per cent of the 
acreage sown to this crop in Victoria. His publication 
“Wheat and its Cultivation” became a standard text 
on the subject in Australia, and for this work and 
research on the water requirements of farm crops he 
received in 1924 the first D.Sc. degree awarded in 
agriculture by the University of Melbourne. 

In 1918 Richardson visited the United States and 
Canada for the Victorian Government to study agri- 
cultural education and research ; as a result of his 
report on this visit, the School of Agriculture was 
established on its present basis at the University of 
Melbourne, and Richardson was appointed dean of the 
Faculty and director of the School. He held these 
posts in addition to his position with the Department 
of Agriculture, and thus ensured a close link between 
the educational and research activities of the Univer- 
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sity and the requirements of the Department fo) 


research and extension workers. 
In 1924, Mr. Peter Waite, a prominent South 


Australian pastoralist, presented his estate on the | 


outskirts of Adelaide, together with a considerabl 


endowment, to the University of Adelaide, which, ag / 


@ result, was able to establish the Waite Agricultura) 


Research Institute and the Waite chair of agriculture ” 


Richardson accepted an invitation to be first director 
of the Institute and occupant of the chair, and his 
energy, enthusiasm and devotion to the problems of 
agriculture found full scope in his new post. .He was 
responsible for the development and expansion of 


the activities of the Waite Institute to its present | 


leading position among the agricultural research 
institutes of Australia. In 1927 Richardson was 
appointed a member of the Executive Committee of 
the newly formed Council for Scientific and Industria] 
Research, a position he held until his retirement in 
1949, and there is no doubt that his skilful judgment 
and wide knowledge of Australian agricultural 
problems contributed largely to the early success of 
the Council in selecting problems for research which 
yielded such valuable results for Australian primary 
industries. In 1938 he left the Waite Institute t 
become deputy chief executive officer of the Council 
for Scientific and Industrial Research, and in 1946, 
on the retirement of Sir David Rivett, he wa 
appointed chief executive officer, a post which he 


held until his retirement in 1949. In 1927 Richardson | 
was a delegate to the first Imperial Agricultural | 


Research Conference in London and in 1932 ar 


official adviser to the Australian delegation to the] 


Ottawa Conference. He was created C.M.G. in 1932 


He was the first president of the Australian Institute 


of Agricultural Science in 1935, and in 1947 was 


president of the Australian and New Zealand Asso. } 


ciation for the Advancement of Science. His presi 
dential address, ‘“‘Science in Relation to Australia’s 
Development”’, is a brilliant survey of the possibilities 
of research in Australia. 

Richardson was a big man, in mind and stature, 
and his genial, unassuming manner won him warm 
friends in many walks of life. Apart from his work 
he had wide interests, especially in the arts and in 
various games, in which he possessed greater than 
average ability. He had an encyclopedic knowledge 


of agricultural matters and a prodigious memory for) 


facts and figures which made him a formidable 
opponent in argument. 
experimentalist and his unfailing judgment of the 


practical value of research, he possessed a capacity | 
for solid work and careful attention to detail which | 


made him such a successful administrator. He is 


survived by his wife and daughter. 


Prof. W. H, Newton 
Pror. Wirtt1aM HENRY NeEwTon, professor oi 
physiology in the University of Edinburgh, died on 
December 20, after an illness of a few months. His 


all-too-early death makes a grievous gap in the ranks 


of British physiology. 


Newton was born in 1904, the son of the Rev. J. T.! 


Newton, and educated at Ashville College, Harrogate, 
and at the University of Manchester, taking first 
class honours in physiology at the B.Sc. examination 
in 1925. After a further year he took the M.Sc. 
degree, and continued physiological studies (on plain 
muscle) during the succeeding three years, which were 
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S occupied chiefly in qualifying in medicine. He then 
became a house physician at the Manchester Royal 
Infirmary, but finally was launched as a physiologist 






nt for 


South iv being appointed to the Sharpey Scholarship in 
nm thew physiology at University College, London, in 1930. 
erable It was at University College that he spent the largest 


} — Sees y 
Ch, a part of his academic life, as lecturer, senior lecturer 


tural @ (1933), and finally as a reader during 1937-44. He 
Uture. was sub-dean of the Faculty of Medical Sciences for 
rector @ .overal years. During 1937-38 he worked at Yale 
id his @ University as a Rockefeller Fellow, and further ex 





TS Ot ® tended his knowledge and his circle of friends. During 
© Wa @ihe war years 1939-44 he was acting head of the 
on of Department, and, despite unstable health, admin- 
resent @itered it with tact and wisdom in the difficult 
search @ nonditions imposed by evacuation and by the strain 
| Was of war. 
see Ge In 1944 Newton was appointed to the Holt chair 
istrial f physiology in the University of Liverpool, effected 
nt 1 fundamental improvements there, and was very 
— happy. Nevertheless, when invited to the chair at 
‘tural | Edinburgh in 1948, he accepted, though with some 
— of @ iesitation. A major factor in deciding him was his 
which @ wish to rejoin Prof. G. F. Marrian, with whom he 
MATY | had collaborated in earlier years. At the time when 
‘te © @ his appointment began, the preclinical syllabus was 
1948 being re-planned, and he gave himself whole 
v46 heartedly to assist in this undertaking. 

we Newton was elected a member of the Physiological 
-" Ne ® Society in 1930, and served it with characteristic zeal 
dson 
ltura 
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and loyalty, as a member of Committee (1941-43 and 
1948-49), as a secretary during 1943-47, and as a 
valuable member of the editorial board of the Journal 
of Physiology during 1948-49. He relinquished the 
last-named position in order to become chairman of 
the editorial board of the Quarterly Journal of Experi- 
mental Physiology. His last communication to the 
Physiological Society was given by a collaborator only 
three days before he died. 

Newton worked in various fields in physiology ; 
but the subject which he made his own was that of 
reproductive endocrinology. He showed that many 
of the phenomena of pregnancy persisted, in some 
species, after removal of the foetus, if the placenta 
remained, and that it could sometimes persist after 
removal of the ovaries: the placenta, as these 


observations showed, had important endocrine 
functions. 
Newton was a completely sincere and strong 


character, a writer of wit and charm, and withal 
a sensitive and modest personality. He was self- 
critical, patient and completely dependable in all 
ways. His “Recent Advances in Physiology” bore 
witness to some of his fine qualities, to his wide know- 
ledge and interests, his high critical faculties, and 
to his literary abilities. His department was a happy 
and a united one, and he will be long and affection- 
ately remembered. He married in 1931, Stella, 
daughter of Mr. Roger Reynolds, and his family 
consists of two daughters. C. Lovatr Evans 
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titute 
was @ Electrical Engineering at University College, 
Asso London : Prof. R. O. Kapp 
pres ' Ar the end of the present University session, Prof. 
alia’s @ RO. Kapp retires from the Pender chair of electrical 
ilities § ngineering which he has held at University College, 
Lendon, since 1935; his successor will be Prof. 
ture, @ H. E. M. Barlow, professor of electrical engineering 
warll @ in the College. Prof. Kapp entered academic work 
work @ from consulting engineering practice, in which he had 
nd it @ been concerned particularly with the technical 
than problems of a number of large-scale electricity supply 
ledge systems, including the North-West and North Wales 
Y for® sections of the British Grid. He took to University 
dable j College a wealth of experience on the needs of the 
AS 40% professional engineer, and with it considered views 
f the shout the best way in which to direct academic 
acity @ training towards meeting those needs. Apart from 
which important and valuable innovations in the teaching 
te 8 @ of engineering science, he has been instrumental in 
establishing at University College, as a regular part 
f the undergraduate course, training in applied 
economics, law for engineers and the study of the 
resentation of technical information. His book, 
-i@ dealing with the last of these subjects, and the wide 
a “ @ interest which this and his lectures have stimulated, 
. He are examples of the enthusiasm which he has given 
nal to this work and of the response it has engendered. 
Prof. Kapp has also devoted unremitting energy to 
IT the affairs of the University of London as a whole. 
ee For the past four years he has been dean of the 
first University Faculty of Engineering, and a member of 


the Senate. In this capacity he has played a vital 


"4 part in the solution of many difficult post-war 
slait problems. Prof. Kapp’s breadth of knowledge is 
pial @ remarkable. It extends far beyond the horizon of 


were 








most of those engineers who in other respects may 
stand compari«n with him, and includes languages, 
music and philosophy. His book entitled “Science 
and Materialism’ reveals unsuspected depths of 
thought well outside ordinary spheres. By his 
teachings and his personal influence, Prof. Kapp has 
made a profound contribution to educational work, 
both ins‘ie and outside the University of London. 


Biochemistry at University College, London : 
Prof. E. H. F. Baldwin 


Lonpon will be the gainer and Cambridge the 
loser by the appointment of Dr. Ernest Baldwin to 
the chair of biochemistry at University College in 
succession to Prof. F. G. Young. He combines with 
long and successful teaching experience the distinction 
of being the leading exponent in Great Britain of 
comparative biochemistry—the study of that vast 
field of strange chemical adaptations and unfamiliar 
solutions of the problems common to all living organ- 
isms. Such work has been Dr. Baldwin’s chosen! field 
since the time when, twenty years ago, he worked 
at the Marine Biological Station of Roscoff in 
France just after completing the Cambridge Part IT 
Tripos courses, on the distribution of the phosphagens 
in the lower animals, with special reference to the 
prochordates. Some of his most recent work, done 
at Woods Hole, Massachusetts, has followed further 
the same story. He has also worked on the electrical 
organs of fishes, the phosphorus compounds in 
Diptera, forms of glycogen in molluscs, the general 
physiology of nematodes, and nitrogen metabolism 
in the snail. Very interesting work has recently been 
completed by members of his group on nitrogen 
excretion in Chelonia and in a range of aquatic and 
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terrestrial isopods. As an author, moreover, Dr. 
Baldwin has achieved remarkable success. His 
“Introduction to Comparative Biochemistry”’ was 
well received, and later a larger ““Dynamic Aspects 
of Biochemistry” has been widely weleomed as one of 
the most valuable modern books available for students 
of the subject. More recently, he was joint editor 
of the volume of addresses by the late Sir Frederick 
Gowland Hopkins, and of material about his life 
and influence, entitled “Hopkins and Biochemistry”’. 
A copy of this was received by each momber of last 
year’s International Congress of Biochemistry, not 
all of whom, however, can have realized the enormous 
amount of selfless work which Dr. Baldwin put in as 
joint secretary-general of the Congress, and which 
contributed so much to its success. 


National Institute of Sciences of India: New 

Fellows 

At a meeting of the Council of the National 
Institute of Sciences of India held at Poona on 
January 1, the following fellows were elected. 
Ordinary Fellows: Dr. D. P. Antia, development 
officer, Ministry of Industry and Supply, New Delhi ; 
Dr. F. C. Auluck, reader in physics, University of 
Dethi; Dr. P. L. Bhatnagar, head of the Department 
of Mathematics, St. Stephen’s College, and reader in 
mathematics, University of Delhi; Dr. K. Biswas, 
in charge of duties of director at the Herbarium, 
Royal Botanic Gardens, Sibpur, Calcutta ; Dr. J. P. 
Bose, officer in charge, Department of Biochemistry 
and Diabetes, School of Tropical Medicine, Calcutta ; 
Dr. R. N. Chaudhuri, professor of tropical medicine, 
School of Tropical Medicine, Calcutta; Dr. V. M. 
Ghatage, assistant professor of aeronautical engineer- 
ing, Indian Institute of Science, Bangalore; Dr. H. 
Gupta, senior lecturer in mathematics, Government 
College, Hoshiarpur; Dr. T. J. Job, chief research 
officer, Central Inland Fisheries Research Station, 
Manirampur, Barrackpore; Prof. R. S. Krishnan, 
professor of physics, Indian Institute of Science, 
Bangalore; Prof. M. C. Nath, Chitnavis professor 
and head of the Department of Biochemistry, 
University of Nagpur; Dr. H. N. Ray, research 
officer (protozoology), Indian Veterinary Research 
Institute, MukteswanKumaun; Dr. M. R. Sahni, 
superintending geologist, Geological Survey of India, 
Calcutta ; Dr. A. Sreenivasan, lecturer in foods and 
druz3, Departmeat of Chemical Technology, Univer- 
sity of Bombay; and Dr. R. S. Vasudeva, plant 
pathologist, Indian Agricultural Research Institute, 
New Dolhi. Honorary Fellows: Prof. P. Debye, 
professor of chemistry, Cornell University; Prof. 
M. von Laue, professor of theoretical physics, Univer- 
sity of Berlin; Prof. M. Siegbahn, professor of 
physics, University of Uppsala; and Prof. E. 
Schrédinger, professor of physics, Institute for 
Advanced Studies, Dublin. 


Endeavour Prizes 

As a contribution to the meeting of the British 
Association for the Advancement of Science to be 
held at Birmingham in September 1950, Imperial 
Chemics! Industries, Ltd., publishers of the quarterly 
scientific review Endeavour, have offered the sum of 
eighty-five guineas to be awarded as prizes for essays 
submitted on a scientific subject. As the primary 
purposes of these awards is to stimulate younger 
scientific workers to take an interest in the work of 
the British Association, and to raise the literary 
standard of scientific writing, the competition is 
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restricted to those who are not more than twenty-five 
years of age on June 25, 1950. Three prizes will be 
awarded : a first prize of fifty gutineas, a second prize 
of twenty-five guineas, and a third prize of ten 
guineas. The subjects for the essays are as follows; 
(1) Modern Techniques in Astrophysics; (2) Phen. 
omena at Low Temperatures; (3) The Literature of 
Science; (4) Radioactive Tracers; (5) Metallic 
Corrosion ; (6) Macromolecules; (7) The History 
and Significance of Common Salt; (8) The Scientific 
Method ; (9) The Mechanism of Heredity ; (10) The 
Biological Significance of Trace Elements ; (11) In. 
dustrial Applications of Biclogy; (12) The Earth’s 


Crust. The latest date for receipt of entries is June 
26. Further information can be obtained from: The 
Assistant Secretary, British Association for the 


Advancement of Science, Burlington House, Picca. 
dilly, London, W.1. 


Supply and Demand for Chemists 


THE pamphlet “‘Present and Future Supply and 
Demand for Persons with Professional Qualifications 
in Chemistry” (London : H.M. Stationery Office. 64, 
net) is a report prepared at the request of the Minister 
of Labour and National Service by a sub-cominittee 
under the chairmanship of Lord Hankey and com. 
prising representatives of many interested bodies, 
Evidence was taken from various organisations, and 
the conclusions reached are therefore based on 
comprehensive information. It is stated that the 
universities in Great Britain are finding difficulty in 
recruiting academic staff of the requisite quality to 
attend to the needs of the greatly increased number 
of science graduates. Pressure on accommodation is 
also serious. The capacity of schools to prepare 
university entrants is limited. On the industrial side, 
it is stated that many entrants have insufficient 
enthusiasm for the practical applications of science, 
and that the needs of the process side should be kept 
in mind. Recruitment in physical chemistry, bio- 
chemistry and specialized analytical chemistry is 
found difficult, and many potential physical chemists 
are deterred from taking up the subject because of 
insufficient training in mathomatics. The question 
of supply and demand in future was most carefully 
considered, and the conclusion is reached that the 
expanded number of chemists now undergoing train- 
ing is not in excess of those likely to be required in 
the years aheal. The university institutions in Great 
Britain, which have been doing extremely well in 
carrying out the recommendations of the Barlow 
Report with temporary facilities, should have their 
requirements filled on a more satisfactory basis. The 
implications of this and other reports in the same 
series are discussed in the leading article on p. 125 
of this issue of Nature. 


Nuffield Foundation Fellowships 

Because of the increasing size and complexity of 
administration, the Nuffield Foundation has been 
turning its attention to the need to promote the 
training of administrators. The Treasury has accepted 
an offer by the Foundation to provide £22,500 for 6 
five-year experimental scheme of travelling fellow- 
ships for members of the Home Civil Service. The 
purpose of the scheme is to enable Civil servants— 
normally of the rank of principal or assistant secre- 
tary, or the equivalent in the professional, scientific 
and departmental classes—to gain first-hand acquaint- 
ance with the administration, problems, experiences 
and opportunities of the overseas parts of the British 
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Commonwealth, and possibly of Western Europe 
study in the United States is already provided for 
by the Commonwealth Fund of America). A scheme 
was started by the Foundation three years ago for 
young farmers in Great Britain to travel abroad to 
study their own particular interests in farming and 
the wider problems of farming generally. Visits were 
made to Europe, America, Australia and New 
Zealand, and the scheme has been highly successful. 
It will continue until 1954, seven or eight scholarships 
a year being offered, each for not less than six months, 
and £21,400 has been set aside for the purpose. As 
regards the medical fellowships of the Foundation, a 
change of policy has taken place, and it has been 
decided that in future a unified medical scheme will 
be offered whereby a number of fellowships will be 
open to highly qualified and promising medical men 
and women who wish to train further for senior 
appointments in teaching or research, with preference 
to those specializing in child health, social medicine, 
industrial health, psychiatry and chronic rheumatism. 
£50,000 has been provisionally allotted for these 
fellowships, which will be worth £900-1,300 a year, 
for one to three years. The fellowships and scholar- 
ships in dentistry and travelling awards in extraction 
metallurgy will carry on as before. Altogether, 
during the first six years of its work, the Nuffield 
Foundation has spent nearly £465,000 on fellowship 
awards. 





University Foundation, Brussels : Annual Report 
THE eighteenth annual report, covering the year 
1947-48 (pp. 102; Bruxelles: Fondation Univer- 
sitaire, 1949), of the University Foundation, Brussels, 
established in 1920 to assist young Belgians without 
means to enter higher educational institutions and to 
develop scientific production in Belgium, besides 
containing the lists of members of Council and the 
Publication and Grants and Library Committees and 
the financial statement, includes the regulations under 
which loans are made and some statistics for univer- 
sities and high schools in Belgium. Of the 631 Icans 
made during the year, 552 were to men and 79 to 
women, and 213 of these, amounting to 1,075,000 
francs, went to students at the University of Brussels ; 
other loans to students, with corresponding monetary 
wtals, were: 80 (399,000) at Ghent, 79 (392,000) at 
Liége, 175 (874,000) at Louvain, 10 (115,000) at the 
Colonial University, Antwerp, and 21 (102,500) at 
the State Agronomic Instituts, Gembloux. A further 
eighteen loans, amounting to 121.000 francs, were 
made to young persons for study abroad or for 
obtaining a supplementary diploma. Subsidies for 
publications during the year totalled 1,542.500 francs. 
Lists of institutions with which the Foundation 
exchanged publications during the year and to which 
the Foundation offered hospitality are also included, 
together with: a full list of recipients of grants ; 
some notes on institutions, such as the National 
Foundation for Scientific Research, the Francqui 
Foundation and the National Cancer Foundation, 
with the work of which the Foundation has been 
associated ; and notes on the exchange of professors 
with the United States and the arrangements for 
Americans to study in Belgian universities. 


Grants by Private Industry to the Massachusetts 
Institute of Technology 

_ THE president of the Massachusetts Institute of 

Technology, Dr. James R. Killian, jun., has recently 

announced that the Institute has received industrial 
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grants-in-aid”totalling 800.000 dollars, thus’ bringing 
the total gifts to the Institute in its current develop- 
ment programme to 6,526.914 dollars. These new 
grants include 250,000 dollars from the United Fruit 
Co. of Boston; 60,000 dollars from an unnamed 
Massachusetts corporation ; 250,000 dollars from the 
Cities Service Research and Development Co. of New 
York; and 250,000 dollars from the Standard Oil 
Co. of California. The grant of the United Fruit Co. 
is earmarked to be invested with endowment and 
other funds until the capital may be spent, upon 
mutual agreement between the Company and the 
Institute, and in the meantime the income from 
invested funds will be allocated each year to fields 
jointly selected by the two parties. These fields 
include such projects as the Laboratory for Biology 
and Food Technology and the entire range of the 
activities of the Institute that are unclassified from 
the point of view of government security. Income 
from the fund may be applied to fellowships, operating 
expenses and other appropriate types of expenditure 
The Standard Oil Co. of California has specified that 
a substantial part of its grant be applied to chemical 
engineering and chemistry, nuclear science and 
engineering, and research projects in lubrication, 
friction, and wear and corrosion. The grant of the 
Cities Service Research and Development Co. is to 
be applied to research and development work in the 
fields of nuclear physics and chemistry, mechanical 
engineering (including librication, gas turbines and 
internal-combustion reciprocating engines), and chem- 
istry and chemical engineering (including fluidization 
of finely powdered solids and studies of hydrocarbons). 
The grant is payable at the rate of 50,000 dollars a 
year. 


Epidemic Diseases of Wildfowl 


In the United States, wildfowl have been suffering 
from epidemic diseases, and, though there is no 
reason to believe that any such epidemics are likely 
to occur in the British Isles, investigations are being 
made into causes of mortality among wikifowl in 
Great Britain. Comparatively few wild ducks are 
picked up dead; but should any carcases be found 
it is possible that the birds may have died from 
some disease and that a post-mortem examination 
would be of value. Carcases should be forwarded to 
the Pathologist, Prosectorium, Zoological Society of 
London, Regent’s Park, London, N.W.8, as quickly 
as possible after finding, as the longer the post- 
mortem examination is delayed the less likelihood 
there is of determining the cause of death. The 
birds should be carefully wrapped in paper and 
packed in a box in order to comply with an inter- 
national post-office agreement, which stipulates that 
there must be no leakage from pathological speci- 
mens. The name and address of the sender, the place, 
and the locality and date of finding should be en- 
closed in the parcel. Postage will be refunded. Birds 
affected by oil should not be forwarded. 


Field Scientific Liaison Work of Unesco 


Tue Field Scientific Liaison Work of the United 
Nations Educational, Scientific and Cultural Organ- 
isation is described in a well-produced pamphlet 
recently issued by the Organisation (Pub. 361. 
Pp. 68; Paris: Unesco; London: H.M. Stationery 
Office, 1949; 1s. 67.). Popularly but well written, 
it is addressed to educated people everywhere ; and 
after a brief account of earlier international co- 
operation in science, including the work of the 
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international scientific unions and the Science 
Co-operation Offices established during the War, it 
indicates how the features of both are combined in 
the Field Science Co-operation Offices, and then 
describes briefly the actual work of the four Offices so 
far es tablished in Latin-America, East Asia, the Middle 
East and South Asia. Some account is given of the 
way in which these Offices have stimulated the 
establishment of regional research institutes and 
assisted in scientific reconstruction. Appendixes 
listing inquiries received, both as to subject and 
source, indicate the extent to which the four Offices 
are at present being used and the nature of the work, 
while details of the staff of the Offices and a biblio- 
graphy are also appended. 


Haslemere Educational Museum 


TRE educational value of historical and other 
charts arranged on a space-for-time plan has been 
realized since 1770 when Dr. Joseph Priestley pub- 
lished a synopsis of history arranged in this manner. 
The value of such charts in museum teaching was not 
recognized before 1888. In that year Sir Jonathan 
Hutchinson expounded, in his home museum at Inval, 
geology and human history by the space-for-time 
method. In the following year outlines of the his- 
torical and geological space-for-time schedules were 
given in a paper on the Haslemere Educational 
Museum contributed by Sir Jonathan to government 
educational reports. Similar outlines found a place 
in the Museum guide-book issued in 1912. The guide- 
book has long been out of print, and now an outline 
has been prepared, to meet the wish frequently 
expressed by visitors to the Museum and teachers, 
for a hand-guide to the space-for-time large wall 
schedules in the geology and history galleries. The 
outlines may be obtained from the Curator of the 
Museum, price 2s. 6d. 


Sarawak Museum Journal 

AFTER a gap of twelve years in publication, the 
Sarawak Museum Journal reappears in a new format, 
with illustrations, under the editorship of Mr. Tom 
Harrison, curator"of the Museum. As before, the 
Journal is chiefly devoted to anthropology, ethnology 
and archzxology, and this is indeed inevitable in such 
@ country as Borneo, where hitherto the published 
information on such subjects is meagre. In the 
present issue is a group of papers dealing wth the 
material aspects of Borneo culture, followed by 
articles on customs and beliefs, including one wrivten 
in Malay. Another group deals with linguistic 
problems, and a smaller concluding section with 
zoological and botanical subjects. 


The Night Sky in February 

FULL moon occurs on Feb. 2d. 22h. 16m., v.7., and 
new moon on Feb. 16d. 22h. 53m. ‘The following 
conjunctions with the moon take place: Feb. 5d. 
10h., Saturn 0-4° N.; Feb. 7d. 02h., Mars 4° N.; 
Feb. 14d. 18h., Mereury 5° N.; Feb. 14d. 22h., 
Venus 13° N. In addition to these conjunctions with 
the moon, Mercury is in conjunction with Venus on 
Feb. 16d. 05h., Mercury being 8-4° S. Mercury is a 
morning star, rising about 14 hours before the sun 
on February | and less than half an hour before the sun 
at the end of the month, but is not an easy object 
to observe during the twilight. Venus, which was 
in inferior conjunction on January 31, can be seen 
as & morning star from about the middle of February, 
rising at 5h. 40m. and 4h. 55m. at the middle and 
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end of the month, respectively. The stellar magy) 
tude increases rapidly during February, from — 3.2 
to —4-2, due to the comparatively rapid increase jin 
the area of the visible portion of the illuminated 
disk after inferior conjunction. Mars rises at 22h, 
06m., 2lh. 18m. and 20h. 18m., at the beginning. 
middle and end of the month, respectively. It moves 
eastward away from y Virginis until February 12 
when it is stationary, and then it approaches the 
star to which it is very close at the end of the month, 
Jupiter, in conjunction with the sun on February 3, 
is unobservable during the month. Saturn rises early 
in the night and can be observed a little east of 
o Leonis, to which it draws closer, so that at the end 
of the month the planet and the star appear close to 
each other. The rings of Saturn are not conspicuous 
at present. Occultations of stars brighter than 
magnitude 6 are as follows: Feb. 5d. Olh. 52-3m., 
x Leon. (R); Feb. 5d. 22h. 25-9m., 8 Virg. (RP). R 
refers to reappearance, and the latitude of Greenwich 
is assumed. 

















Announcements 

Srr Henry Date has been elected president of the 
British Council in succession to Lord Riverdale, who 
has resigned for private reasons. Sir Henry was a 
member of the Executive Committee of the Council 
during 1943-49 and chairman of its Science Advisory 
Committee during 1942-49. 


Peor. D. Txuopay, professor of botany in the 
University College of North Wales, Bangor, has 
been appointed professor of plant physiology in the 
Farouk I University, Alexandria, Egypt. 

Pror. W. Davis, emeritus professor of textiles, 
University College, Nottingham, has been elected 
an honorary life member of the Textiie Institute. 
Prof. Davis became a member of the Institute in 
1910, and served continuously as a member of its 
Council during 1926-49. 


BrirtsH CHEMICALS AND Brotocicars, Lrp., 43 
Regent Street, Loughborough, announce that they 
are now in a position to supply 60 per cent hydrazine 
hydrate in large amounts. Besides its use in the 
laboratory, hydrazine hydrate finds many industrial 
applications, mostly as a reducing agent, but also 
in cases where the liberation of nitrogen gas is useful. 


Tue American Society for the Study of Sterility is 
offering an annual award of 1,000 dollars known as the 
Ortho Award for an essay on the result of some clinical 
or laboratory research pertinent to the field of sterility 
The essay will appear on the programme of the 
forthcoming meeting of the Society to be held in San 
Francisco during June 24 and 25. Full particular 
may be obtained from the Secretary, Dr. Walter W 
Williams, 20 Magnolia Terrace, Springfield, Massa 
chusetts ; essays must be in his hands by April |, 
1950. 

BEGINNING with the January 1950 issue, some 
changes take place in the monthly Bibliography ¢ 
Industrial Diamond Applications, issued by the 
Industrial Diamond Information Bureau, 32-34 Hol 
born Viaduct, London, E.C.1. References to thi 
articles abstracted are now arranged according t 
suggestions of the Abstracting Services Consultative 
Committee of the Royal Society, ard their titles are 
printed in bold letters so that an easier survey ¥ 
possible. The Bibliography is sent free of charge t 
those interested technically or commercially © 
industrial diamonds. 
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X-RAY DIFFRACTION BY AQUEOUS SYSTEMS OF 
TRIETHANOLAMINE LAURATE 


By Dr. S. S. MARSDEN, jun., and Pror. J. W. McBAIN, F.R.S. 


Stanford Research Institute, Stanford, California 


NUMBER of papers have been published, first 
A in Germany, then in the United States, and 
more recently in Great Britain, on the diffraction of 
X-rays by isotropic solutions of soaps and other 
colloidal electrolytes. These results have led to 
theories as to the size and shape of the diffracting 
colloidal particles and their relation to one another. 
Recently @ programme was undertaken in these 
laboratories on the study by X-ray methods of the 
more concentrated systems in water and other 
solvents. This involved the investigation of the 
X-ray diffraction of the liquid crystalline as well as 
the isotropic phases present in these systems. Ross 
and McBain' studied hexanolamine oleate in water ; 
the present authors reported work on aqueous 
systems of many non-ionic detergents* as well as 
dodecyl sulphonic acid*; McBain and Hoffman‘ 
studied potassium laurate in water. A summary of 
some of the recent results along with a classification 
of the various structures deduced has recently been 
proposed §. 

Aqueous systems of triethanolamine laurate are 
interesting because they have different types of X-ray 
patterns for the isotropic solution, for the medium- 
concentration liquid-crystalline phase (middle soap), 
for the high-concentration liquid-crystalline phase 
(soap boilers neat), and for the solid soap itself. The 
Bragg spacings for the former three phases, as well 
as the concentration range in which they exist, are 
presented in the accompanying graph. 

(1) The triethanolamine laurate was prepared by 
warming Eastman Kodak lauric acid (recrystallized 
twice from acetone) with an equivalent amount (plus 
1 per cent excess) of Eastman Kodak triethanolamine 
(used as received) to about 50° C. The product 
solidified at 49-4° C. (uncorrected) after under-cooling 
abuat five degrees ; it was very pale yellow—almost 
white—in colour. It gave an X-ray pattern somewhat 
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similar to that of other soaps, that is, several orders 
of a long spacing, and a number of short spacings, 
most of which are of the order of 2-5 A. The Debye- 
Scherrer photographs are very spotty unless the 
sample is rotated. 

(2) The high-concentration liquid-crystalline phase, 
which exists in the concentration range of at least 
84-2-93-6 per cent soap, gives one (or two) orders of 
a long spacing, which change with concentration, 
and a side-spacing halo of maximum intensity at 
4-5-4-6A., which does not change with concentration. 
The numerical values of the long Bragg spacing 
increase with dilution. If they are plotted versus 
weight fraction (which is also approximately volume 
fraction) of soap on log-log co-ordinates, a straight 
line of slope —1 is approximated well within experi- 
mental error. This indicates that this phase is of the 
‘expanding lamellar type’ of hydrous-liquid crystal‘, 
which consists of large bimolecular layers of surface- 
active molecules separated by water layers, the latter 
of which are all of equal thickness. On the basis of 
the intercept of this line with the ordinate (weight 
fraction equals unity) the thickness of these lamellz 
is about 28-5 A. Since the calculated double length 
of the molecule is of the order of 36 A., the molecules 
in the layers mu.t be tilted at an angle of 50—60°. 

The diffraction from the long spacings (with a 
pinhole X-ray collimator) consists of very intense, 
sharp circles with pronounced intensity maxima 
perpendicular to the ‘Pyrex’ capillary in which the 
sample is mounted. ‘This is also indicative of large 
lamellz which tend to become oriented as they are 
sucked into the capillary. The side-spacing halo 
never shows any preferred orientation, indicating a 
liquid structure within the lamella. The second 
order, when observed, is always considerably weaker 
than the first ; the reasons for this will be discussed 
in a forthcoming publication. 

This liquid-crystalline phase may exist in a slightly 
larger concentration range, since the exact phase 
boundaries have not yet been determined. The sys- 
tems in this phase are yellow-brown in colour, turbid, 
and birefringent ; they are also very viscous. 

(3) The medium-concentration liquid-crystalline 
phase (middle soap) exists in the concentration-range 
of at least 46-3-78-3 per cent soap; it may exist in 
a slightly greater range, since the phase boundaries 
at room temperature again are not exactly determined. 
The colloidal particles in this phase apparently con- 
sist of very long fibres or rods lying parallel and at 
a distance from each other. Laterally they have a 
hexagonal arrangement. This has been called the 
‘hydrous fibrous liquid crystal’*. A similar structure 
was found for aqueous systems of tobacco mosaic 
virus by Bernal and Fankuchen*. This conclusion is 
based on three experimental observations : 

(a) The long Bragg spacings are in the numerical 
ratio of 1 : 1/4/3 : 1/4/4: 1/+/7 (the latter two are not 
always observed, probably because of too low 
intensity). These correspond to the hexagonal indices 


1010, 1120, 2020, 2130, respectively. 
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(6) The relative intensity of the various long Bragg 
spacings decreases with increasing Bragg angle. For 
the diffractions in the order given above they are, 
generally : strong (or very strong), medium (or weak), 
weak (or very weak), very weak, respectively. It is 
to be emphasized that the diffraction of the hydrous- 
liquid crystals, both lamellar and fibrous, is appreci- 
ably more intense and considerably sharper than that 
of isotropic soap solutions such as potassium laurate. 
The sharpness is practically that of solid soaps taken 
under the same experimental conditions. Thus the 
order or degree of arrangement in ordinary soap 
solutions is considerably less than that in the liquid 
crystals. 

(c) These spacings increase with dilution, indicating 
that the fibres separate farther apart as the water is 
added between them. he slope of the log—log plot 
of long spacing versus weight fraction of soap is 
almost the —1/2 derived for an ideal system con- 
sisting of very long rods (no end corrections) separated 
by water. Thus the interparticle distance varies as 
the reciprocal of the square root of the concentration. 
The dashed line in the graph is the calculated distance 
between centres of the rods. 

If these rods are assumed to have a square cross- 
section, it can be calculated that this square must be 
35 A. on an edge; this is of the order of the double 
length of the soap molecules. These fibres or rods 
may thus be pictured as a lamellar micelle of which 
the thickness is twice the length of the soap molecule 
(one bimolecular layer), width is the same or approx- 
imately the same, and length is relatively great. 

The low-angle diffraction from these systems is 
usually very spotty unless the capillary is rotated 
when being photographed. Thus the oriented regions 
in the systems are wrobably of the order of 10-* 
em. or greater. The diffraction is not oriented, so 
these oriented regions in the systems also probably 
act as almost equidimensional particles when the 
capillaries are loaded. Evidently shear in these fibrous 
systems is not by parallel movement of the rods, 
whereas shear in the hydrous lamellar systems is by 
parallel movement of the lamelle or groups of 
lamellz. 

These systems are clear, colourless and birefringent ; 
they are also so viscous that they cannot be moved 
by vigorously shaking the vial in which they are 
prepared. When water ‘is added to the soap during 
their preparation, a decided cooling occurs. 

(4) The isotropic solution exists at concentrations 
up to 39-3 per cent and possibly slightly higher. Two 
systems prepared at 29-6 and 39-3 per cent soap gave 
diffraction of about the same intensity and sharpness 
as that produced by isotropic solutions of potassium 
laurate. A solution of 20-8 per cent triethanolamine 
laurate gave some centre scattering, but it was not 
measurable. It is evident that these isotropic 
solutions probably contain micelles of the same type 
found by other investigators for other isotropic soap 
and detergent solutions. 

The magnitude of these long spacings is greater 
than those of potassium laurate, but agrees well with 
those found for lauryl amine hydrochloride. How- 
ever, the intensity is appreciably less than that for 
solutions of the hydrochloride, and, of course, the 
diffraction is not observed for solutions of as low 
concentration. 

Too few isotropic solutions have been studied to date 
to git « a completely accurate picture of the structure 
of this ; hase for this soap. The slope of a line drawn 
through the two observed points on the graph is — 0-43, 
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which is appreciably greater (in absolute value) than 
the —0-33 for an ideal system made up of micelles 
arranged in a three-dimensional, close-packed hex. 
agonal arrangement. However, if one assumes that 
the micelles are of a cylindrical lamellar type of 
height equal to diameter and with such a geometrical 
arrangement, it can be calculated that the height 
(and diameter) would be about 34 A. This is slightly 
less than the expected double length of the molecule, 
but considerably greater than the length of a single 
molecule. 

Further work on this and other systems is in 
progress and will be described in detail elsewhere. 
This work was done under contract with the Office 
of Naval Research. 

* Ross, 5., and McBain, J. W., J. Amer. Chem. Soc., 68, 296 (1946). 

os tense” and McBain, J. W., J. Phys. and Coll. Chem., 
* Marsden, 5. S., jun., and McBain, J. W., J. Amer. Chem. Soc., 70, 
‘ai a ~ J. Chem. Phys., 16, 633 (1948). k 

— i eo + and Hoffman, O. A., J. Phys. and Coll. Chem., 58, 
* McBain, J. W., and Marsden, 8. 8., jun., Acta Crys., 1, 270 (1948) 

* Bernal, J. D., and Fankuchen, I., J. Gen. Physiol., 25, 111 (1941). 


A MASS-SPECTROMETER PROBE 
METHOD FOR THE STUDY OF 
GAS DISCHARGES 


By R. L. F. BOYD 


Department of Mathematics, University College, London 


N studying the general equilibrium of the electro- 
negative discharge, with special reference to the 
collision processes occurring in an oxygen plasma, it 
became necessary to provide a Langmuir probe 
method capable of discriminating between ions of 
atomic or molecular species and of separating the 
negative ions from the electrons. Earlier workers 
have obtained results using the magnetic mass 
spectrograph as a probe!*; but the bulkiness of the 
apparatus made it impracticable to provide a radial 
movement to their probe, and the difficulties of 
screening the discharge tube from the magnetic field 
made it impossible to obtain high sensitivity, because 
of the inevitable long path-length of the ions in the 
analyser and the associated vacuum and collimation 
problems. 
In order to obtain a small instrument capable of 
radial movement (which is essential to a full study 
of the discharge) and possessing sufficient sensitivity 
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to use in weak discharges, it was decided to employ a 
time-of-flight method of discriminating between the 
mass-charge ratios of the particles. 

The analysers were in the form of a linear acceler- 
ator in which the ions received a small increment of 
energy by passing through suitably spaced longi- 
tudinal radio-frecjuency fields. This enabled ions 
travelling at the appropriate velocity (as a result of 
their initial acceleration by a D.c. field) to pass a 
grid having a retarding potential sufficient to reject 
ions the velocities of which were not ‘in tune’ with 
the radio-frequency field. The instruments were built 
in #-in. diameter stainless steel tubes sliding in a 
copper sleeve and able to be moved radially, into 
and out of the 3-in. diameter discharge tube, by a 
wire passing through a gland in the pumping lead to 
the analyser. 

Two types of analyser have been developed and 
operated successfully. The first type—a single-stage 
model—uses a pair of radio-frequency fields localized 
between grid pairs and separated by a short distance. 
The collector-current versus frequency curve of this 
instrument is a series of maxima and minima depend- 
ing upon the number of half-waves of the radio- 
frequency passing while the ion is between the two 
fields. A maximum occurs whenever the number of 
half-waves is odd. By plotting the frequencies at 
which current maxima and minima occur against 
the number of half-waves of radio-frequency passing 
between entry and exit of the ion, a straight line of 
slope characteristic of the mass—charge ratio is 
obtained. (The zero on the half-wave axis is obtained 
by extrapolation to zero frequency.) See Fig. 1. 

The second type of analyser is a multistage instru- 
ment (Fig. 2) using twelve distributed radio-frequency 
fields in place of the two localized ones. The advant- 
age of using distributed fields is that each ion has 
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only one characteristic frequency, so that measure- 
ments On one ion in excess of another are more readily 
carried out ; moreover, the radio-frequency voltage 
required is reduced in proportion to the number of 
stages, so that the problem of shielding the discharge 
from the radio-frequency is simpler. 

Because of the short ion path in the radio-frequency 
analysers, it is possible to use much larger diameters 
of orifice than can be used in the magnetic mass- 
spectrographic probes, and this, together with the 
absence of any need for collimating the beam, gives 
& sensitivity many times greater than is obtainable 
by magnetic analysis. Further, the disturbance of 
the discharge by the nose of the analyser is, because 
of its small diameter, very much less than has 
previously been possible. 

These advances have made it possible to measure 
the radial variation in negative ion density and also 
to work in very weak discharges. 

Some preliminary results showing the variation of 
the orifice currents of negative ions with tube 





Current (galvo. em.) 


g 














0-2 0-4 06 0-8 10 12 
Tube current (m.amp.) 
Upper curve, O- ; lower curve, O,-. Pressure, 0-026 mm. Hz. : 
probe in centre 





i 


Current (galvo. cm.) 
re 











0 
16 18 20 - 24 26 28 
Pressure (microns of mercury) 
lower curve O,. Current, 200 

probe in centre 


Upper curve, 0O- vam. 








“urrent (galvo. cm.) 








0 
0 0-5 


1 15 

Cm. from centre 

middle curve, O-; lower curve, 0,~. 
pressure, 0-017 mm. Hg 


Fig. 3 


Upper curve, Z x 1/60; 
Current, 200 “amp. 





144 


current, pressure and radial position in the oxygen 
discharge are given in Fig. 3. It will be noticed that 
the conventional picture of the electronegative 
discharge, in which the negative ions congregate in 
the centre, where they build up in concentration 
until equilibrium is established by destruction in the 
gas phase, tends to be confirmed; although the 
density of O~ at the edge of the discharge suggests 
that wall loss may prove to be an important contri- 
bution to the equilibrium. 

A somewhat smaller multistage analyser is now 
being built for studying in more detail both the 
concentration and energy distribution of the negative 
ions, in certain electronegative discharges, with the 
view of elucidating the processes involved in the 
equilibrium. 

Spencer-Smith, J. L., Phil. Mag., 19, 1016 (1935). 
* Lunt and Gregg, Trans. Faraday Soc., 234, 1062 (1940). 


SAFE MILK IN GREAT BRITAIN 


N Great Britain neither the milk industry nor 

government departments concerned with it have, 
at least during the past two or three decades, suffered 
from lack of advice. On the contrary, recom- 
mendations must have showered on them from many 
individuals and organisations, some of whom can 
have had no more than a one-sided acquaintance 
with the farming, scientific and technological, and 
economic problems of this extremely complex and 
varied industry. Proposals made, for example, that 
bovine tuberculosis should be eliminated forthwith 
by the overnight slaughter of all reactors to the 
tuberculin test, or that from to-morrow no milk 
other than pasteurized should be consumed in Great 
Britain, merely indicate a lack of understanding of 
the dimensions of one of the most important of these 
problems. 

Fortunately, both the industry and the govern- 
ment departments have developed, at least of recent 
years, a fairly keen sense of discrimination ar between 
wise and constructive suggestions and those which 
are less good. Incautious or unrealistic government 
action may have serious repercussions not only on 
the 250,000 or so fanfilies—say, roughly a million 
people including dependants—whose breadwinners 
are engaged in milk production*cr distribution or in 
one of the several ancillary industries, but also on 
almost the whole of the population as milk con- 
sumers. Progress on the whole has, therefore, been a 
little slow, though even so some unfortunate legis- 
lative errors have been made—such, for example, as 
the introduction of the ‘accredited’ scheme without 
making any provision for uniformity of its adminis- 
tration throughout the country. 

A joint Committee of the British Medical, and the 
National Veterinary Medical, Associations was set up 
by those Associations in October 1948 “to consider 
and report and formulate representations for trans- 
mission to government departments on the problem 
of providing safe milk of high quality for the com- 
munity and the supervision of production and 
distribution of other foods of animal origir’’. This 
Committee decided at its first meeting that the most 
important problem to be discussed was milk, and a 
memorandum recently published* is an interim 

* British Medical Association and National Veterinary Medical 


Association. The Provision of Safe Milk of High Quality. Pp. 8. 
(London: British Medical Association, 1949.) 
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report which, it seems, is to be supplemented in a 
final report to be published later. 

Even as an interim report, this memorandum puts 
forward recommendations which bear the stamp of 
careful consideration, show evidence of notable 
acquaintance with the industry, are, for the most 
part, sane and reasonable, and must clearly be taken 
into account by the appropriate government depart. 
ments. The document is on the whole well written, 
does not waste words and is too full of facts to sum. 
marize in a relatively short space. 

While the report was in preparation, the Milk 
(Special Designations) Act 1949, with the relevant 
Regulations regarding raw milk and also pasteurized 
and sterilized milk, became law. It is of interest that 
the Committee is in full agreement with the general 
intentions of the Act, but hopes that the Minister 
will lose no time in promoting orders by which only 
designated T.T. or pasteurized milk will be sold in 
specified areas. Few would disagree with this 
aspiration. 

It is, however, difficult to understand why the 
Committee dislikes the term ‘sterilized milk’ and 
would like to see it abolished. In making this recom. 
mendation it would appear that all the facts of the 
case cannot have been before the Committee. There 
are one or two other statements in the report which 
would suggest that exact knowledge on a number of 
less well-known scientific and teehnical points would 
have helped the Committee. 

In general, it may be said that in most of its 
recommendations the Committee is on very sound 
ground. Its main proposals are ahead, though not 
inordinately so, of existing legislation and practice in 
Great Britain, and point the way towards future, 
and it is to be hoped, not too far distant, revision 
and improvement. H. D. Kay 


MEDICAL USE OF RADIOACTIVE 
ISOTOPES 


HE Ludwig Kast Lecture, which inaugurated 
the Graduate Fortnight for 1949 of the New 
York Academy of Medicine, was given by Dr. J. R. 
Lawrence, director of the Donner Laboratory of the 
University of California, who chose as the subject of 
his address the use of isotopes for the study and 
diagnosis of disease. Dr. Lawrence said that up to 
the present time radioactive isotopes of more than 
fifty elements have been used for various studies in 
experimental medicine, and experience has shown 
that no deleterious effects follow if the whole human 
body is given less than a tenth of a roentgen of 
irradiation per twenty-four hours. Usually far less 
than this is needed for experimental work. 
Discussing iron-59 first, he explained that this has 
been made by bombarding cobalt-58 with deuterons. 
Iron is very important in the human body ; but the 
total amount of it present is not much more than 
3 gm., the iron being intimately bound up with 
hzmoglobin. Iron-59 emits both beta- and gamma- 
rays, so that it can be used not only for measuring the 
metabolism of iron by taking blood, urine, stools and 
tissues and measuring the iron directly, but also for 
studying its turnover and uptake in the living person, 
because gamma-rays can be detected when counters 
are placed over various parts of the body. Dr. 
Huff and Dr. Lawrence standardized the measure- 
ment of the rate of utilization of iron in normal 
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human beings by injecting a radioactive tracer-dose 
usually a total of 30 1 gm. of iron chloride, carrying 
an activity of about 50, curies) and then taking blood 
samples every hour for several hours and measuring 
their activity, the measurements showing the rate at 
which iron disappeared from the plasma. By this 
method the fact previously known that some of the 
iron injected intravenously went to the red cells was 
confirmed. By multiplying the amount of iron 
Jeared per unit of time by the amount going to red 
lls, it was possible to determine the amount of iron 
used in twenty-four hours by the normal human 
being, and to state the number of milligrams of iron 
neorporated in the red cells per twenty-four hours. 
The method thus constituted a bone-marrow function 
test. The results showed that an average amount of 
90-25 mgm. of iron goes into the red cells. Knowing 
that red cells in general contain about 1 mgm. of 
ron per c.c. of red cells and knowing the red cell 
mass, it was possible to calculate the percentage 
f red cell iron renewed in twenty-four hours. 
Results showed this to be about 0-9 per cent per 
lay, a figure which fits the known average life of the 
normal red cell of 120 days. 

The rate at which iron is cleared from the plasma 
and incorporated in the red cells in human beings 
suffering from various diseases was then studied. It 
was found that many of a group of polycythxmic 
patients “‘made iron into red cells” so fast that they 
were replacing as much as 5 per cent of their red 
ell mass per day, instead of the normal 0-9 per cent. 
This foreed the conclusion that in people suffering 
from polycythemia there is at times a rapid destruc- 
tion of red cells, because the high rate of replacement 
of red cells could not go on indefinitely without an un- 
limited rise of the red cell mass or red cell count. 
Leukzemia is usually considered to be a disease in 
which the red cell production is affected by leuk#mic 
infiltration of the bone marrow. It was found, how- 
ever, that nearly all the leukaemic patients examined 
showed a normal or rapid rate of red cell production, 
so that in this disease there appears to be rapid 
production of both red and white cells of the blood. 

It is usually considered that, in pernicious anzmia, 
there is arrest of red cell maturation, indicating that 
iron is not going into the red cells; but it was found 
that the iron was, in the patients with pernicious 
anemia studied, going into the red cells, so that ‘‘chere 
must be something wrong with the length of life »f the 
red cells made”. When counters were placed over 
various parts of the human body after intravenous 
administration of radioactive iron, it was possible to 
assess the movements of iron in the body, so that it 
will be possible, for example, when a patient is not 
making red cells normally, to predict the develop- 
ment of an anemia in that patient perhaps a month 
or two before the anzmia actually appears. 

The use of radioactive nitrogen or other radioactive 
inert gases, such as krypton, argon and xenon, will 
make it possible to measure the rate at which normal 
and abnormal subjects can eliminate these inert gases 
after saturation with them. Various age-groups show 
different half-times of elimination of nitrogen as 
determined by taking readings at various periods of 
time. Dr. Lawrence produced evidence that a group 
of young persons aged fifteen years showed a very 
fast half-time of elimination, the readings falling 
from 100 per cent to 50 per cent in a few minutes, as 
compared with five hours for an older age-group. He 
considered this to be one aspect of ageing and that 
we all begin ageing at an early date so far as gas 
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exchange is concerned. Referring to the work he is 
doing with phosphorus-32 for labelling red cells for 
the determination of blood-volume, Dr. Lawrence 
produced evidence that when an isotonic solution of 
sodium radiophosphate was incubated with human 
blood for two hours, 40 per cent of it went into 
the red cells, and labelled them, so that, if these 
labelled red cells were injected back into the same 
person, the blood volume could be calculated very 
accurately by a dilution technique which compared 
the counts of the diluted phosphate-lebelled red cells 
with the standard. 

Dr. Lawrence then explained how radioactive 
hydrogen (*H), which is now readily available, can 
be used for determining quickly the total body water 
by giv'ng the patient a drink or an injection of 
radioactive water and, a quarter or half an hour later, 
taking a blood sample. He has applied this technique 
to the study of cardiac failure with odema before 
and after treatment. and considers that it will be 
valuable for the study of various types of vascular 
and other diseases in which there is disturbance of 
water-balance. Another line of work going on in 
Dr. Lawrence’s Laboratory is the use of such sub- 
stances as hormones, vitamins, carbohydrates, pro- 
teins, fats, antibiotics, carcinogenic hydrocarbons, 
ete., which are built from, or labelled with, a racdio- 
active element. Dr. Hardin Jones is, for example, 
using labelled organic acids and amino-acids and also 
glucose for the study of the metabolism of normal 
mice and mice carrying tumours. Another colleague, 
Dr. Lola Kelly, has for three years been using 
phosphorus-32 for the study of the metabolism of 
nucleic acid and has recently found that an extremely 
small mammary tumour in a mouse indirectly affects 
the metabolism of desoxypentose nucleic acid as 
measured by the phosphorus-32 turnover in the 
phosphorus-containing fraction. 

Another isotope which is very extensively used is 
radioactive sodium. It is giving valuable information 
about the circulation to the extremities and about 
the dynamics of the flow of blood through the heart. 
Dr. Lawrence described a technique developed by 
Dr. Tobias by which extremely small amounts 
of gold, manganese, zinc and other elements in 
tissues can be measured. This technique hac a 
sensitivity a thousand times that of any other 
standard method of microchemical analysis. The 
biological material is placed in the atomic pile for 
a period during which any trace element present 
in it can be made radioactive, usually by neutron 
capture. After the ash is removed from the pile, 
various carrier amounts of the elements of interest to 
the investigator are added and then extracted from 
the tissue, so that the radioactivity of the sample 
can be determined and compared with the activity 
induced in a monitoring sample. The Lecture con- 
cluded with a brief discussion of the work being 
done by Dr. Selverstone, of Boston, on the use of 
radioactive phosphorus for the localization of brain 
tumours and the somewhat similar work of Dr. 
Moore, of Minneapolis, with radioactive iodine incor- 
porated into the dye di-iodofluoroscene. 

Most students of the trends of medical research 
will agree with Dr. Lawrence’s view that more and 
more in the future we shall think in terms of how the 
body handles organic and inorganic compounds, and 
that medicine is developing a new outlook which pays 
much more attention to the movements of elements, 
compounds and metabolites about the body. 

G. LAPAGE 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents 
No notice is taken of anonymous communications 


The Scintillation of Stars 


How the heart of the astronomer would rejoice if 
the scintillation of stars were due, as Prof. Hartridge! 
considers possible, to physiological causes rather than 
to non-homogeneity of the earth’s atmosphere! It 
is the practice of many observing astronomers, 
before ‘opening up’, to look at the sky and note, 
on some estimated scale, (i) the degree of clearness 
or transparency of the sky, and (ii) the degree of 
steadiness or goodness of seeing. (i) may be judged 
(in the absence of strong moonlight) by the limiting 
magnitude of stars just visible to the eye at various 
altitudes, and is important, in the case of photo- 
graphy, for judging exposure times; (ii) may be 
judged by the scintillation-frequency of the brightest 
stars; the greater the frequency the worse the 
‘seeing’ will be. On the very best nights the stars 
appear nearly steady, the occasional winking being 
slow and infrequent. Such nights are suitable for 
measuring close binaries, the Airy disks and their 
diffraction ring systems appearing steady, often for 
many seconds together; on such nights, also, the 
finest planetary details are to be seen. When 
scintillation is conspicuous and rapid, the images of 
stars, viewed through a telescope, appear larger than 
the Airy disks and show a rapidly changing and un- 
even distribution of illumination. If the telescope 
is put out of focus, the star will appear as an illum- 
inated disk showing, on a steady night, a number of 
fine concentric rings as in a ‘zone plate’. On an 
unsteady night, rings are no longer visible, the whole 
disk appearing to ‘boil’. It has been noted by British 
astronomers that both the scintillation and the tele- 
scopic images of stars are, in general, worse when 
the wind is in the east. Planets are only observed 
to scintillate when viewed at a low altitude on a 
night of exceptionally bad seeing. 

‘Artificial stars’, made by reflecting a distant light 
source in a small drop of mercury, are in use at many 
observatories. These are not observed to scintillate 
unless the light path is through unevenly heated air 
or through air the moisture content of which is not 
constant, when they may be observed to do so. Such 
artificial stars may, however, be caused to scintillate 
in all but the most steady air conditions by viewing 
them through a telescope the objective of which is 
next to the eye. It will be seen that, in this case, 
the angular size of the source is reduced in the ratio 
of the ‘minification’ of the telescope. 

In view of the foregoing it would appear that any 
physiological component in star scintillation would 
be likely to be very small, and possibly altogether 
absent in the case of the trained astronomer. 

C. C. L. Grecory 
University of London Observatory, 
Mill Hill Park, London, N.W.7. 
Dec. 12. 
* Nature, 164, 999 (1949). 





Hartridge and” Weale' advance evidence for a 
physiological explanation of the scintillation of stars. 
I have made a simple observation which seems to 
contradict this. Sirius, seen through a misted car 
window, appeared as a large area of diffuse blue- 
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white light, subtending perhaps five degrees: this 
light fluctuated markedly and at roughly the same 
frequency as the star seen through an unobscured 
area of the window. The effect was more readily 
seen when looking twenty or thirty degrees away 
from the star, but could be seen by direct observation, 

It has been suggested to me that the diffuse areg 
may have been made up of minute sources from each 
droplet which could show the ‘Hartridge effect’. This 
seems to me invalid, for it would surely imply a 
statistically improbable coincidence of fluctuations 
from many different sources. 

J. D. Morton 
Officers’ Mess, 
Experimental! Station, 


Porton, 
Near Salisbury, Wilts. 
Dec. 16. 


* Nature, 164, 999 (1949). 





In a letter on this subject by Prof. H. Hartridge 
and Dr. R. Weale' it is stated “. . . very bright 
stars do not scintillate”. This, however, is contrary 
to experience, for Sirius, for example, can be seen 
to scintillate in favourable meteorological conditions, 
as I reascertained last night. 

C. J. P. Cave 

Stoner Hill, Petersfield, 

Hants. Dec. 16. 
* Nature, 164, 999 (1949). 


In our letter in Nature of December 10, we were 
careful to point out that the scintillation of stars 
may have two causes: one physical, the other 
physiological. In certain circumstances one or other 
of these may make the larger contribution. 

The idea that the earth’s atmosphere is in a state 
of turbulence appears to be very reasonable, and 
yet the weight of evidence seems to be against the 
optical effects which are ascribed to it. 

(1) There should be apparent movements of the 
star images at right angles to the line of sight. R. W. 
Wood suggested that the strie of different refractive 
indices had widths of about 30-40 mm. In our opinion, 
they definitely must be smaller than this because the 
scintillations of certain stars, which are clearly seen 
by the unaided eye, are no longer seen when a low- 
power telescope of 18-mm. aperture is used. If the 
optical effects of the striz are to be averaged out by 
so small an aperture as this, the strie themselves 
must have quite small dimensions. As these strim 
move along in a more or less horizontal direction, 
they presumably refract the light from the stars and 
so cause the wave-fronts to vary in direction. In 
these circumstances we would expect the images of 
the stars to be in a state of tremor rather like the 
Brownian movement which fine particles suspended 
in a liquid are seen to undergo when they are ex- 
amined through a microscope. 

(2) It would be expected that these oscillatory 
movements of the star images would often be greater 
in one direction than in another at right angles to it, 
and that the direction of the larger oscillations would 
correspond to the direction of travel of the strix, 
that is, to the prevalent direction of the wind. Thus 
if, as Mr. Gregory says, scintillations are usually 
worse in Great Britain when the wind is in the east, 
then the strie are presumably travelling from east 
to west and therefore the oscillations should be 
more marked in this direction. 
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(3) Since at times, if not always, refraction would 
be accompanied by dispersion, it would be expected 
that the star images would be seen to consist of short 
spectra with definite colours to indicate which is the 
short wave-length and which the long wave-length end. 

(4) Since they travel at right angles to the line of 
sight, the strize must affect the image first to one eye 
and then to the other; so that the separation of 
these images by means of a weak glass prism would 
be expected to disclose a time relationship between 
the scintillations of the star images as seen by the 
two eyes. Moreover, the rotation of the head about 
the visual axis would be expected to disclose a position 
where the striz are affecting the two eyes at the same 
time, and therefore are causing the scintillations seen 
by the two eyes closely to resemble one another. 

(5) If at times the strie are affecting separately 
the positions of the star images as seen by the two 
eyes, we would expect stereoscopic vision to cause 
the star to appear to undergo rapid movements in the 
lirection of the line of sight. Thus at one moment 
the star should appear to dart towards the observer 
and at another moment to recede rapidly away from 
him. 

We would expect that these five phenomena would 
follow from the theory of atmospheric turbulence ; 
but wo have never been able to see anv of them, nor 
have we seen a description of them. What we would 
not expect from the theory would be alterations either 
f brightness or of colour, and yet these are the 
phenomena which are most easily observed. It is on 
these grounds that we find a physical explanation 
to be difficult of acceptance. Therefore, when Mr. 
Gregory writes that, before “opening up”’, astronomers 
examine the sky to see if conditions are good or bad, 
is it not possible that it is really physiological con- 
litions which they are examining and not atmospheric 
mes ? Thus when scintillations are strongly present, 
and excessive atmospheric turbulence is thought to 
be the cause, may it not be thai it is the state of the 
ayes which is really at fault ? Physiologists who carry 
ut investigations on the detail acuity of the eye find 
that one day conditions are good for observation, but 
that the next day they are the reverse. In this case, 
it is most unlikely that variations in the conditions 
of the atmosphere are the cause of the differences 
betweer, one day and the next. 

Dealing now with the phenomenon mentioned by 
Mr. J. . Morton, namety, the scintillations of a star, 
for example, Sirius, when seen through a sheet of 
misted glass, the fact that the whole diffusely illum- 
inated area is seen to undergo synchronous fluctua- 
tions does at first sight appear to support a physical 
rather than a physiological explanation. But is this 
actually the case? When light sources are below 
the absolute threshold of stimulation of the retinal 
receptors, their visibility is found to be facilitated by 
the introduction of an additional light source. The 
precise cause of this phenomenon is not known. It 
may be due to the diffraction pattern of the new 
source adding its light in a strictly physical sense to 
the different parts of the diffraction pattern of the 
sources originally present; or it may be due to a 

process of physiological summation taking place either 
locally in the retina or at a distance in the brain, or 
possibly in some structure ca the nervous pathway 
which connects the one with the other. Whatever 
the precise cause may be, there is little doubt as to 
the effects. Thus if we ourselves wished to see very 
faint stars, there can be no doubt that we should 
try inserting into the visual field one or more artificial 
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stars of which the size, the intensity, and the colour 
could be controlled separately. 

If then the light of a star is spread out, for ex- 
ample, by mist on glass or by being out of focus, the 
sudden incidence of a bright part of the image on to 
a local scotoma or blind part of the retina might well 
have the effect of plunging the rest of the image 
below the threshold of the surrounding receptors and 
thus of arresting the conscious impression. 

Morton mentions another interesting point in his 
letter, namely, that the synchronous effect is more 
readily seen when looking twenty to thirty degrees 
away from the star but can still be seen by direct 
observation. It seems probable to us that both 
optical and retinal factors may contribute in causing 
the peripheral part of the retina to be better for this 
purpose than the centre. The optical factors are the 
aberrations present in the lens system of the eye for 
rays which make a considerable angle with the visual 
axis; the retinal factors are the interconnexions of 
the retinal receptors with one another, which are a 
marked feature of the peripheral retina but are 
practically absent from the foveal centre. In the 
periphery of the retina of animals it is common to 
find many, sometimes more than a hundred, receptors 
connected to one nerve fibre; whereas at the fovea 
each receptor has a nerve fibre of its own. Acuity 
and absolute threshold measurements on man strongly 
suggest similar arrangements. 

I would like to end this letter by once more 
emphasizing the point that we definitely do not want 
to reject a physical explanation. This must, how- 
ever, cover all the points which we have touched 
on above, and in particular must account for the 
changes of colour and of brightness both of celestial 
and of terrestrial light sources. With regard to the 
latter the following points may be of interest: 
changes of colour of nearby light sources were first 
described by Holmgren in 1888. He wrote, “Some 
observers see them easily, others with difficulty and 
others not at all”. He gave a physiological explana- 
tion of the changes. Curiously, he did not mention 
variations of intensity. Many years later, changes 
both of colour and intensity were observed by 
one of us and were described without knowing of 
Holmgren’s work. Our recent experiments ha-« been 
shown to many people. We noticed that sume of 
them see changes of brightness only, and that others 
see changes both of brightness and of colour. 

H. HartTRIDGE 
Vision Research Unit, 

Medical Research Council, 

Institute of Ophthalmology, 

Judd Street, London, W.C.1. 





Solid Helium at ‘High’ Temperatures 


Tue solid-fluid equilibrium curves (or melting 
curves) of ordinary substances cannot be studied 
over very wide temperature-ranges because of diffi- 
culties which arise from the fact that the melting 
pressure is always a very rapidly changing function of 
temperature. Thus even with the highest attainable 
pressures the melting temperature cannot be raised 
much above the ordinary liquid-gas critical tempera- 
ture. However, further information in this field, 
particularly in relation to the question of whether 
a solid—fluid critical point exists, is desirable not only 
for its intrinsic interest but also on account of its 
importance in geophysics. 














































































148 


One of us pointed out some years ago' that the 
use of low boiling-point substances would make 
measurements feasible over very much larger 
temperature-ranges. A survey of existing data had 
led to the establishment of a general formula which 
could represent the melting curves of many sub- 
stances in reduced units, the reduction’ factor for 
pressure being the internal pressure as derived from 
van der Waals’s equation. But the substances which 
have low internal pressure are those with low boiling 
points : thus, to use helium, with its internal pressure 
of about 20 atm., should increase the attainable 
‘reduced’ pressure by a factor of about 250 in com- 
parison with substances having their normal melting 
points near room temperature and the internal 
pressures of which are of the order of 5,000 atm. 
This was later confirmed in experiments carried out 
with Ruhemann and Edwards*, and it was shown 
that the melting curve of helium could be followed 
up to 42° K. by the application of pressures up to 
5,600 atm. The equation 


Pp T 11-5544 
ie-45 = (5503) sa 


(now expressed in slightly different form and con- 
verted to give pressures in atmospheres, — 16-4, atm. 
being the internal pressure) represented the results 
»btained with as high an accuracy as that of the 
measurements themselves, except at the lower end 
of the curve, that is, near and below the * -point, 
where, of course, helium cannot be expected to comply 
with any law of corresponding states. 

This formula was originally deduced from experi- 
mental data obtained below 20°, and it therefore 
obviously lends itself well to extrapolation. If we 
venture to extrapolate to room temperature, the 
formula would suggest that, in the absence of a 
critical point, helium could be solidified at room 
temperature by applying pressures of about 100,000 
atm. 
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We have now taken up these experiments again, 
with the first object of determining the form of the 
melting curve to still higher temperatures. High- 
pressure measurements on gases, particularly at low 
temperatures, require very special techniques. We 
have used the same general experimental methog as 
in the earlier experiments mentioned above. Thus 
the highest pressures have been generated by ‘thermal! 
compression’, starting with helium compressed to 
3,000 atm. pressure at about 30° K., and solidification 
of the helium has been detected by the ‘blocked 
capillary’ method. Also, the helium-containing part 
of the apparatus has again been made in one con- 
tinuous length of tubing. 

The main difficulties in the old experiments arose 
from the hysteresis and non-linearity in the mano- 
meters employed, which 
the pressure measurements at the upper end of the 
curve. These difficulties have been eliminated in the 
present experiments by making simultaneous observa- 
tions in situ of the melting pressure of mercury at 
various temperatures, using the values given by 
Bridgman as secondary pressure standards. As a 
result of this and of other improvements in technique, 
we have now been able to make measurements at 
higher pressures than in the previous ®xperiments, 
and with greater accuracy. 

The new experimental results are shown plotted 
in the accompanying graph. The curve drawn is 
that of the formula quoted above. It will be seen 
that the present results are in perfect agreement 
with this formula within the probable limits of experi- 
mental error, believed to be not more than about 
+t 100 atm. 

Thus we have shown that there is one 
stance at least which can be solidified up to tem- 
peratures as high as about ten times the liquid- 
gas critical temperature (7, in the graph). The 
following table gives calculated values of melting 
pressure at ‘round’ temperature values : 


sub. 


Deqgqgentane : E 
(° K.) 5 0 15 2 2 30 3 40 4 50 
Melting pres- 

sure: (atm.) 187 580 1110 1740 2470 3280 4170 5140 6170 7 


The present experimental method is approaching 
its useful limit at these highest pressures, so we are 
publishing these results at the present time. A fuller 
account will be published elsewhere. New methods 
for the extension of measurements to still higher 
pressures are under consideration. 

A second line of approach to the question of the 
existence of a solid—fluid critical point lies in the 
determination of entropies in the solid and the fluid 
states along the melting curve. This requires the 
measurement of the specific heats of highly com- 
pressed helium down to very low temperatures, and 
of the heat of melting. The variation of the entropy 
values with rising temperature will give an indication 


as to whether or not a critical point is being 
approached. Experiments of this kind are now in 
progress. 


F. A. HoLtitanp 
J. A. W. Hueeme 
G. O. JONES 
F. E. Srmon 
Clarendon Laboratory, 
Oxford. 
Nov. 28. 


? Simon, F., Z. Elektrochem., 35, 618 (1929); Trans: Farad. Soe., 
33, 65 (1937), see this paper bears for seheoenees to earlier papers. 

* Simon, F., and Ruhemann, M., and Edwards, A. M., Z. physik. 
Chem.. B. ®, 340 (1929); 8. oe (1929) ; o $31 (1950). 
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New Radioactive Isotopes Produced by 
Nuclear Photo-disintegration 

\ SEARCH has been made for new radioactive 
isotopes produced by (y,n) and (y,p) reactions in 
various elements irradiated with 23-MeV. X-rays 
from a synchrotron. Whenever possible, a chemical 
identification of the element responsible for the radio- 
activity was made. A thin-window (1-7 mgm. cm.~*) 
Geiger counter was used for measuring the decay of 
the activities. The activities were usually too small 
and short-lived to permit any accurate measurement 
of the 6-particle or positron energies. 

In addition to many known radioactive isotopes, 
fourteen new isotopes were found. Their properties 
are summarized in the accompanying table. 


| Element — y 


Element chemically Half-life Probable assignment 
irradiated identified 

Se | As | 9 min. "As 

Sm Sm 8 min. Sm or *Sm 

Eu Eu 15 hr. eed 7 

Gd 17 min. “Gd or Eu 

Dy 22 min Tb or Tb 

Er 44 min. Ho 

Yb --- 19 min. "°Tm, '*Tm, or '*T'm 

Hf Lu 22 min. Lu or ‘Lu 

lif Lu 8 hr. Lu or '*Lu 

Ww Ta 48 min. eT 

Ww Ta 6 days Ta 

Os Re 17 min. Re or Re 

Pt Ir 66 min. Ir or ‘Ir 

Hg Au 27 min. Au or ™Au 








Absorption measurements on the radiation from 
the 8-min. samarium showed that it is not due to 
x-particles. 

The 44-min. activity produced in erbium has been 
assigned to holmium-169. The alternative assignments 
to erbium-163 or -165 are unlikely since no 44-min. 
activity has been reported in neutron-irradiated 
erbium. Assignment to holmium-167 is unlikely since 
slow neutron irradiation of holmium, in the pile, was 
found to produce, in addition to 27-hr. holmium-166, 
a new long-lived holmium isotope (half-life greater 
than 200 days) which is almost certainly holmium-167 
produced by neutron capture in holmium-166. 

Details of this work will be published elsewhere later. 

I am indebted to Messrs. D. W. Fry, F. K. Goward, 
L. H. Metcalfe and D. J. Lees for providing facilities 
for synchrotron irradiations. 

F. D. 8. BuremMent 
Atomie Energy Research Establishment, 
Harwell, Berks. Nov. 24. 


Autoradiography of Water-Soluble Tracers 
in Histological Sections 


Two requirements for the successful preparation 
of high-resolution autoradiographs are the intimate 
contact between section and emulsion, and an 
emulsion-layer which is thin and of sufficiently fine 
grain. The stripping-emulsion technique was de- 
veloped by Pelc' to meet these requirements, and 
was successfully applied to the location of iodine-131 
inrat thyroid. In this technique, section and emulsion 
are brought into intimate contact under water. Thus 
it precludes the location of water-soluble tracers ; 
moreover, the use of conventional fixing and dehydrat- 
ing agents can seriously affect the concentration and 
distribution of water-soluble tracer in the tissue. 

Scott Russell, Sanders and Bishop* have described 
a method of locating water-soluble phosphorus-32 in 
plant tissue. The tissue is dehydrated at —70° C. 
in alcoholic basic lead acetate, which precipitates 
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the phosphate in situ. The tissue is finally embedded 
in paraffin wax, sectioned and coated with stripping 
emulsion by the method of Pele’. Holt, Cowing and 
Warren* have compared three methods of locating 
water-soluble phosphorus-32. Their best results were 
obtained by freeze-drying the tissue at —70°C., 
followed by paraffin-wax embedding, sectioning and 
then clamping the sections to an Eastman Kodak 
nuclear track plate, a thin layer of ‘Cellophane’ 
separating the section from the plate. High resolution 
would not be expected under these conditions. 

A method similar to that of Scott Russell, Sanders 
and Bishop* was tried by us for the location of water- 
soluble bromine-82 in the larve of Calliphora erythro- 
cephala. Alcoholic silver nitrate was used for the 
dehydration and precipitation of the halide in situ ; 
but there was evidence of damage to the tissue and 
to the stripping-emulsion afterwards applied. 

We have obtained useful autoradiographs of 
iodine-131 in larve poisoned by methyl iodide by a 
combination of the Altmann-Gersh ‘process*.*:* and 
a modified stripping-emulsion technique. Methy] 
iodide labelled with iodine-131 was prepared on the 
micro-mole scale by exchange with ‘carrier-free’ 
(I'**)- in acetone, the solvent finally being pre- 
cipitated as the bisulphite compound. Larve# were 
exposed for 18 hr. at 27°C. to a concentration of 
methyl iodide of 5 mgm./litre. The larve were 
transferred to isopentane at 0°C. and cooled to 

40° C. Serious tissue damage sometimes occurred 
when the larve were plunged into isopentane at 

180° C. At —40° C. the larve were cut transversely 
into pieces small enough for dehydration (about 
2 mm.) and then chilled by cooling the isopentane to 

180°C. They were then placed on a platform of 
degassed paraffin-wax (m.p. 59° C.) in a tube main- 
tained at —20° to —30°C. The tissue was then 
dehydrated by pumping at a pressure of less than 
10-* mm. mercury until the equilibrium vapour 
pressure at 30° C. was less than 5 microns as 
measured on a Pirani gauge; in any event pumping 
was continued for not less than 48 hr. Moisture, 
volatile insecticide, etc., were trapped in the vacuum 
line at 180°C. The tube and contents were then 
gradually warmed until the wax melted and the larve 
sank and became instantaneously embedded, high 
vacuum being maintained. The tube was then de- 
tached from the vacuum line, the tissue blocked out 
and sectioned at 10u or more, each section being 
reinforced by coating the block with molten wax 
(m.p. 49°.) just before each knife traverse. The 
sections were mounted directly on to 3 in. Xx 1 in. 
slides (previously subbed in 1 per cent gelatin) using 
a trace of ali‘umin adhesive. The wax was removed 
in xylol and \inally rinsed in 40/60 petroleum ether. 
A 15-mm. square of Kodak fine-grain stripping- 
emulsion was then cut from the plate and drawn on 
to each section. The square was then gently stroked 
with a moist camel-hair brush, or pressed with moist 
filter paper, when the gelatin matrix collapsed closely 
over the section. Each slide on completion was dried 
in @ vacuum desiccator for a few minutes, exposed 
and processed in the usual way. 

Figs. 1 and 2 respectively show the concentration of 
iodine-131 round the partly broken wall of one of the 
main trachee and part of the cuticle in median 
transverse sections of a Calliphora larva. The mean 
disintegration density was estimated by a Geiger 
Miiller counter of known efficiency to be of the order 
of 10° d./em.* of section. Sometimes the emulsion 
broke away from the section in small wrinkles or 
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bubbles, apparently after formation of the image, 
because there was no loss of resolution, although 
section and photograph then required separate 
focusing under high magnification. This has happened 
in the case of Fig. 2. If the sections were immersed 
in water for a few seconds instead of being coated 
with emulsion, more than 90 per cent of the iodine-131 
activity was lost. ' 

When high resolution was unimportant, sections 
mounted as above have been clamped directly to 
Iiford lantern slide plates instead of being coated 
with emulsion. Figs. 3, 4 and 5 were obtained in 


this way and respectively show the distribution of 
bromine-82 in transverse sections of a groundnut, a 
wheat grain and a larva of Calliphora erythrocephala 
exposed to radioactive methyl bromide for 18 hr. 
The uniform distribution of bromine in the ground- 
nut results, no doubt, from the rapid solvent action of 
the arachis oil, followed by protein methylation and 


soluble bromide formation. In the wheat grain there 
is little penetration beyond the aleurone layer. The 
main zones of concentration in the insect section 
correspond to the cuticle and main trachez. In all cases 
the bromine-82 activity was easily water-soluble. It 
is hoped to publish full details of these studies later. 
We wish to thank Dr. R. H. Herz of the Kodak 
Research Laboratories for the gift of photographic 
material. This note is published by permission of the 
Department of Scientific and Industrial Research. 
F. P. W. WInTERINGHAM 
A. HARRISON 
J. H. Hammonp 
Pest Infestation Laboratory, 
Lendon Road. Slough, Bucks. 
Oct. 24. 


' Pele, 8S. R., Nature, 160, 749 (1947). 

* Russell. R. Scott, Sanders, F. K., and Bishop, O. N., Nature, 163, 
639 (1949). 

* Holt, M. W., Cowing, R. F., and Warren, S., Science, 110, 328 (1949). 

‘Altmann. R.. “Die Elementarorganismen und thre Beziehungen 
zu den Zellen” (Leipzig, 1890) 

* Gersh, L., Anat. Ree., 53, 309 (1932). 

* Hoerr, N. L., Anat. Ree., 65. 293 (1936) 


January 28, 1950 vol. iss 


Toxic Factor from ‘Agenized’ Proteins : 
Methionine as the Essential Reactant 


In two recent publications':* we described the 
isolation from nitrogen trichloride-treated zein of a 
crystalline substance producing convulsive fits in 
rabbits at a dosage of approximately 2 mgm. Owing 
to shortage of material, it has not yet been possible 
to carry out extensive feeding trials on dogs ; but ina 
single experiment a 10-kgm. dog given 20 mgm. of 
the crystalline substance develuped all the eymptoms 
of hysteria, including running and barking fits. in less 
than 18 hours, followed by violent convulsive fits. 

The analytical results so far obtained on materia! 
from several different isolations agree most closely 
with an empirical formula CH,,N,SO, (found, 
C, 33-8, 34:2; H, 6-7, 6-4; N, 15 6, 15-4; 8S, 17-3, 
17-3; CH,,N,SO, requires C, 33:3; H, 6-7; N, 
15-6; 8S, 17-8 per cent). Molecular weight by the 
method of Barger* gave 200. Carbon and hydrogen 
determinations were by combustion (Drs. Weiler and 
Strauss, Oxford), nitrogen determinations by the 
micro-Kjeldahl method. Considerable difficulty was 
experienced in the sulphur determination. The micro 
Carius method gave consistently low results (14-9, 9-5 
9-6 per cent), confirming in this respect the findings of 

Callan and Toennies‘ wit! 
methionine and related 
compounds. The method 
of Olley’, recommended 
for methionine, has given 
more consistent results, 
and the figures quoted 
represent the best of a 
series determined by this 
method. In this we wer 
given considerable help 
by Miss M. Corner of the 
Chemical Research Lab 
oratory, Department of 

x11 Sciontific and Industrial 
Research. 

The presence of one «-aminocarboxylic acid group 
ing is revealed by the van Slyke ninhydrin - carbon 
dioxide determination at pH 2-5" (found, N, 7:8, 
8 0, 7-7; CH,,N,SO, requires, for one grouping, 
N, 7 8 per cent). 

Hydrogenolysis of the crystalline substance by 
means of Raney nickel in aqueous solution at 100 
(compare Fonken and Mozingo ) gives «-amino-n- 
butyric acid obtained as colourless plates (found, 
N, 13 5; calculated for C,H NO,, N, 13 6 per cent), 
m.p. 270° (decomp.) alone and m.p. 276° mixed with 
an authentic specimen (m.p. 276°) derived from 
DL-methionine. The degradation product further 
gives a single spot running parallel with authentic 
a-amino-n-butyric acid on paper chromatograms in 
phenol, acetone, butanol and collidine. 

Assuming that the toxic factor is produced by 
reaction between nitrogen trichloride and a known 
sulphur-containing amino-acid residue in the protein, 
the isolation of this C,-amino-acid by hydrogenolysis 
clearly implicates methionine as the reactive centre, 
a view which is supported by the foregoing analytical 
results. Further, our colleague, Mr. J. G. Heathcote’, 
has found that the toxic effect of the crystalline sub- 
stance upon Leuconostoc mesenteroides P.60 can be 
reversed by the addition of excess methionine to the 
medium. Earlier work’ from these Laboratories also 
implicated methionine on other grounds as the centre 
in the protein reacting with nitrogen trichloride to 
give the toxic product. In this earlier publication 
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it was shown that proteins deficient in methionine 
and proteins in which methjonine was destroyed by 
chemical action failed to exhibit the typical toxic 
reaction when treated with nitrogen trichloride and 
fed to dogs. 

A molecule, C,H,,N,SO., can be regarded formally 
as being derived from methionine sulphoxide by the 
addition of —-NH, or from methionine sulphone by 
the replacement of O by —NH. We have no evidence 
that the toxic factor is present in the crystals as a 
trace contaminant. However, in such a molecule 
there is clearly the possibility that the sulphur atom 
isasymmetric, with the consequence that the molecule 
exhibits diastereoisomerism; in such a case, the 
isomeric forms may differ in biological activity. With 
this possibility in mind we have attempted fraction- 
ation with picric acid (compare Lavine’). From one 





fraction we have obtained crystals, identical with the 
parent crystals when run on paper chromatograms, 
and giving similar analytical figures (found : C, 33 5; 
H, 6-7; N, 15-6; carboxyl N, 7:9 per cent) but 
with a different melting point, 248°. These crystals 
are highly toxic to rabbits. From another picrate 
fraction we have regenerated crystals of melting 
point 234°, with the same Ry values on paper 
chromatograms as the parent crystals, and with 
similar nitrogen figures (found: N, 15-4; carboxyl 
N, 7-4 per cent). These crystals are not toxic to 
rabbits within 48 hours at the 2-mgm. level. Further 
work is in progress. 

H. R. Bentiry 


E. E. McDermorr 
J. Pacer 

J. K. WarreHEeap 
T. Moran 


Research Association of British Flour-Millers, 


Cereals Research Station, 
St. Albans. 
Dec. 5. 
Bentley, H. R., McDermott, E. E., Pace. J., Whitehead, J. K., and 
Moran. T., Nature. 163. 675 (1949). 


"idem, ibid., 164, 428 (1949). 

* Barger, G.. J. Chem. Soc., 85, 286 (1904). Pregl. F.. “Quantitative 
Organie Microanalysis’, Fourth English Edition, 203 (J. and A. 
Churchill, Ltd., London, 1945) 

‘Callan. T. P 

4m) (19041) 

*Olley. J.. Prae. Biorhem. Soe., 39, 1 (1945). 

*van Slyke. D. D.. Dillon. R. T 
P., J. Biol. Chem., 141, 627 (1941) 
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* Heathcote, J. G., Lancet (in the press). 

*Benticy. H. R., Booth, R. G., Greer. E. N.. Heathcote. J. G., Hutch- 
inson. J. B., and Moran, T., Nefure, 161. 126 (1948). 
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Reactions of Hams with Cyanides, Isocyanides 
and Amino-Acids 


Ham (ferrous protoporphyrin) combines with 
nitrogenous bases to form hamochromogens showing, 
in the visible region of the spectrum, two sharp 
absorption bands, « 557 mp and 6 525 mp, of which 
the «-band is much the stronger. It has been shown 
tliat in hemochromogens two molecules of base are 
linked with each iron atom of ham. Potassium 
cyande, however, differs from hw#mochromogen- 
forming substances in giving with ham two com- 
pounds containing one and two cyanide radicals per 
molecule of ham**. Whereas the absorption spectrum 
of monocyan-hem resembles that of the hamo- 
chromogens, the absorption spectrum of dicyan-hem 
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differs from it, the bands being displaced towards 
the red end of the spectrum, and the $-band being 
stronger than the «-band. 

Hzmochromogens in general react readily with 
carbon monoxide, which: replaces one molecule of the 
base, giving rise to carbuxy-hemochromogens. Dur- 
ing the present investigation it was found that, in 
the case of monocyan-hem, carbon monoxide dis- 
places the (CN~) group giving carboxy-hem, which 
is indistinguishable from the compound obtained 
when free hem is treated with carbon monoxide. 
Dicyan-hem, however, gives a CO—(CN7~)-ham com- 
pound showing a very characteristic absorption 
spectrum. CO—(CN~)-hem shows the simultaneous 
co-ordination with one iron atom of two substances, 
each a known inhibitor of cellular respiration. 

Although in a typical hemochromogen the nitro- 
genous base co-ordinates with the hem iron through 
a@ nitrogen atom, in the case of the (CN~) group 
co-ordination by either the nitrogen or the carbon 
atom is possible. It thus appeared essential to study 
the reactions of ham with non-dissociable cyanides 
such as methyl isocyanide (methyl carbylamine, 
CH,NC) and acetonitrile (CH,CN). Methyl! tsocyanide 
was found to give both a monocarbylamine-hwm and 
a dicarbylamine-hwm, of which only the latter has 
so far been described‘. The absorption spectra of 
these two compounds are very similar to those of 
monocyan- and dicyan-hwm respectively. More- 
over, dicarbylamine-ham, like dicvan-ham, combines 
with carbon monoxide, forming a CO—CH,NC-hwm. 
Acetonitrile, however, does not combine with hem, 
although tested under various experimental con- 
ditions. These results strongly support the view 
that in both monocyan- and dicyan-hem the (CN~) 
group is co-ordinated with the hwm iron through its 
carbon atom. I+ is this form of linkage which prob- 
ably accounts for the great differences between the 
inorganic cyanide and carbylamine compounds with 
hem on one hand and true hemochromogens on the 
other. 

When sodium hydroxide is added to a solution of 
protohem in the presence of ethanol, a compound 
is formed with an absorption spectrum in which the 
8-band is much stronger than the «-band, the positions 
of the absorption bands being « 590 m:, 8 558 mu 
and y 435 m: . The absorption spectrum in the visible 
region was first observed by Dhéré and Vegezzi§, 
who described the compound as “alkaline hemo- 
chromogen”. A spectrophotometric study of this com- 
pound revealed a striking resemblance between the 
general pattern of its absorption spectrum and that 
of dicyan-ham, which suggested that the compound 
might be considered as ‘dihydroxyl-hwm’ in which 
the iron atom is linked to two hydroxyl groups. This 
view was, in fact, borne out by further study of this 
compound. 

Dihydroxyl-protohem requires a high concentra- 
tion of alkali (not less than N sodium hydroxide) 
and about 50 per cent v/v of a water-miscible organic 
solvent such as ethanol, acetone or glycol mono- 
methyl! ether, whereas the more soluble hams such 
as hematoheam and urohem do not require the 
addition of an organic solvent. When hematohem 
in 1 per cent sodium carbonate was titrated with 
N sodium hydroxide using the double-wedge trough 
method’, it was found that two hydroxyl groups are 
combined with the ham iron. 

Dihydroxyl-ha-m is of special interest because it is 
formed under conditions which are favourable for the 
study of reactions between hems and amino-acids. 
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It is well known that denatured proteins react very 
readily with hems to form hemochromogens ;_in- 
deed, this reaction is a very sensitive test for de- 
naturation occurring in the course of purification of 
native proteins. Yet the individual constituents of 
proteins, the amino-acids, with the exception of 
glycine’ and histidine*, are generally believed not to 
react with hem. However, it has now been found 
that, under suitable experimental conditions, most 
amino-acids do react with hem to form typical 
hemochromogens, showing only slight differences 
in the positions of their absorption bands. In 
the course of these reactions, the absorption bands 
of dihydroxyl-hem appear first and are then grad- 
ually replaced by those of the amino-acid hxemo- 
chromogen. Since urohem is much more soluble 
than protohem, it reacts more easily with amino- 
acids, especially with histidine, lysine, arginine and 
glycine, which give good hemochromogens in 1 per 
cent sodium carbonate without passing through the 
intermediary stage of dihydroxyl-urohem. As the 
reaction of urohem with other amino-acids requires 
the presence of sodium hydroxide, the formation of 
hemochromogen is, in these cases, preceded by that 
of dihydroxyl-urohem. Of the two dicarboxylic 
amino-acids, only glutamic acid reacted with uro- 
hem ; but neither glutamic nor aspartic acid reacted 
with protohem, although tested under a great 
variety of conditions. A spectrophotometric study 
of the reactions of protohem with histidine, lysine 
and glycine showed that two molecules of each 
amino-acid were required per molecule of proto- 
hem to form the corresponding hzrnochromogen. 
The dissociation constants (K) at 20° C. were 
found to be 3-4 x 10° for glycine-, 1-98 x 10° 
for lysine— and 9-27 x 10° for histidine~h#mo- 
chromogen. 

These results suggest that in the formation of 
hemochromogens by denatured proteins such as 
globin, it is not only the imidazole groups which take 
part in the reaction, but also probably the free amino- 
groups as well. In fact, it is known that whereas a 
molecule of free native globin will combine with only 
four molecules of hematin or hem to form methzemo- 
globin or hemoglobin respectively, denatured globin 
combines with as many as twenty-four hems to form 
globin hemochromogen’:*.?*, Since in a hemochromo- 
gen the iron atom (Fe*+*) of each hem combines 
with two nitrogenous groups, the saturation of a 
globin molecule with twenty-four hems implies the 
presence in the globin molecule of a minimum of 
forty-eight hemochromogen-forming groups. Amino- 
acid analysis of horse globin has shown that the 
molecule contains eighty-eight basic amino-acid 
residues"! (including thirty-six molecules of hist- 
idine) and six terminal NH,-groups™, which may be 
regarded as providing a total of ninety-four potential 
hzemochromogen-forming groups. Thus the molecular 
ratio of these groups to hem wus 94: 24 or about 
4:1, half of the groups reacting with hem. On the 
ther hand, in the case of a free aminv-acid such as 
glycine, histidine or lysine, the molecular ratio of 
amino-acid to hem must be about 1,000: 1 for com- 
plete hamochromogen formation. This clearly in- 
dicates that the affinity of hwm for free —NH,- 
groups in a protein molecule is much _ greater 
than its affinity for these groups in individual amino- 
acids. 

I wish to thank Dr. R. Hill for his valuable advice, 
and the Medical Research Council for a personal 


grant. 
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Note added in proof.—A coraplete account of the 
reactions of hems with cyanide, tsocyanide and 
sodium hydroxide has been given elsewhere"*'*. 

Joan Kerr 

Biochemical Laboratory, 

Cambridge. 
Aug. 13. 
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Anhydro-N-Carboxy-bL- 3-Phenylalanine 


In view of the increasing importance of anhydro. 
N-carboxyamino-acids for the synthesis of poly. 
peptides'*, it is pertinent to report the following 
simple preparation of compounds of this type. 


PhCH,CH—CO 
NH 0 


, OF 
co 
J 


For example, Dt-$-phenylalanine was heated under 
reflux with a solution of phosgene in toluene (10 per 
cent w/w) until dissolved, when anhydro-N-carboxy.- 
pL-3-phenylalanine (I) separated in 70 per cent yield 
on cooling; it melted at 128-129° to a clear liquid 
which decomposed vigorously at about 155°. This is 
clearly more convenient than the procedures employed 
heretofore*:*. 

A. L. Levy 
Imperial College of Science and Technology, 
London, 8.W.7. 
' sorry Dalgliesh, Darmon and Sutherland, Nature, 162, 5% 


* Leggett Bailey, J., Nature, 164, 889 (1949). 
* Leuchs and Geiger, Ber., 41, 1721 (1908). 
* Curtius and Sieber, Ber., 55, 1543 (1922). 


Synthesis of I: 1:1 Trifluoropropyne 


Tue simple fluorocarbon radicals CF,- and CF,CF, 
are obtained by the irradiation of the compound: 
iodotrifluoromethane and iodopentafluoroethane re 
spectively. These radicals will initiate the poly 
merization of olefines, and iodotrifluoromethane with 
ethylene, for example, yields a polymer of genera 
formula C¥,-[CH,-CH,]},-I (where n = 1, 2, 3 and 4) 
With tetrafluoroethylene, longer chain iodofluoro 
carbons CF,-[CF,-CF,]n:I (n = 1-15) are obtained 
and these in turn yield long-chain fluorocarbor 
radicals, CF;(CF,)xCF,*, when heated or irradiated! 

The reaction between iodotrifluoromethane ané 
acetylene has now been investigated. A smootl 
reaction occurred under the influence of ultra-viole 
light or heat, and the compound 3-iodo 1: 1 : 1-tri 
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fuoropropene, CF,CH=CHI, was isolated. This 
compound formed a solid dichloride which decom- 
posed on standing. Although 3-iodo 1:1: 1-tri- 
fluoropropene was the main product from the reaction 
of iodotrifluoromethane with acetylene, small amounts 
of material with a higher boiling point were also 
present, and there is some evidence for the presence 
of the compound formed by the combination of two 
molecules of acetylene with one molecule of iodo- 
trifluoromethane (that is, CF,CH=CHCH=CHI). It 
therefore appears that the mechanism of the reaction 
18 aS follows : 


CF, I hy > CF,- + -I 
CF; CH=CH + CF,CH=CH- (chain 
initiation) 
CF,CH=CH- + CH=CH -— CF,CH=CHCH=CH., 
ete. (chain  prop- 
agation) 
CF,CH=CH- + CF,I +» CF,CH=CHI + CF,-: 


(chain termination) 


[The method of chain termination is similar to that 
proposed for the reaction between iodotrifluoro- 
methane and ethylene and tetrafiuoroethylene’. 

The compound 3-iodo 1: 1 : 1-trifluoropropene has 
been converted into 1 : 1 : 1 trifluoropropyne, CF ,C= 
CH, by dehydroiodination. This fluoroalkyne, which 
will clearly be of value in synthetic work, is a gas 
of boiling point c. —48°, with an odour reminiscent 
of that of acetylene. The presence of a triple bond 
was shown by the addition of two molecules of 
chlorine to yield CF,CCI,CHCI,, a compound which 
was then further chlorinated to the compound 
CF ,CCI,CCI,, identical with a specimen prepared by 
the vapour-phase chlorination of 1:1:1 trifluoro- 
propane. Trifluoropropyne affords a copper derivative 
CF,C=CCu, a silver derivative CF,C=CAg, and a 
mercury derivative (CF,C=C),Hg. The first two 
acetylides decompose quietly on gentle heating and 
violently when heated rapidly. The mercury com- 
pound is a white crystalline solid of low melting 
point (42-43° crude), which with iodine yields a 
compound, probably CF ,C=CI, with an odour similar 
to that of diiodoacetylene. 

Thus @ compound which has a completely fluor- 
inated group adjacent to a reactive triple bond is 
now available for synthetic work. Its chemistry is 
being studied and, with full details of its synthesis, 
will be reported elsewhere. 

R. N. HaszELDINE 
Chemical Laboratory, 
University, Cambridge. 
Oct. 18. 


* Haszeldine, J. Chem. Sor., 2856 (1949) 


A Formate-Carbonate Exchange Reaction 
Revealed by ‘Labelled’ Carbon 

THE preparation of formates has been examined as 
part of a programme for the development of reliable 
syntheses of isotopically labelled organic compounds. 

Labelled formates have been obtained in almost 
quantitative yield by catalytic hydrogenation of bi- 
carbonates'!, in 50-60 per cent yield by the acid 
hydrolysis of cyanide’, and by the enzymatic reduction 
of carbon dioxide by B. coli suspensions*, We have 
obtained nearly quantitative yields of formate by the 
hydrolysis of aqueous solutions of potassium cyanide‘ 
at 150° for 4 hr., or 175° for 2 hr. The reaction is 
conveniently carried out in a stainless steel bomb 
which is shock-heated to the desired temperature in 
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order to minimize the possibility of polymerization. 
All strengths of solutions up to saturation at room 
temperature may be used. 

Commercial enriched potassium cyanide always con- 
tains potassium carbonate, often up to 25 per. cent 
by weight. The presence of carbonate does not affect 
the yield of formate obtained by hydrolysis of such 
mixtures ; but the labelled carbon is found to have 
become distributed between the formate and the 
ecarLonate. This is illustrated by the accompanying 
figures, which refer to the hydrolysis of enriched 
potassium cyanide in ‘Pyrex’ glass tubes at 250° for 
2 hr. 





Potassium | Atoms % C™ 
Nominal carbonate =| —— ——- ————- —— —-|- ——_ 
atoms % | content CO,” | CO,” CN’ | H.COO’ 
us (wt. %) before after initial | 
16 | 12-6 | 1-41 8-1 16-2 15°3 
56 22:7 | 1-76 | 12-2 53-4 | 508 











Preliminary qualitative experiments indicate that 
the fundamental exchange reaction occurs between 
formate and carbonate. This is illustrated by the fol 
lowing examples. (1) A solution of ‘AnalaR’ sodium 
carbonate and pure labelled sodium formate (15-3 
atoms per cent carbon-13), approximately 0-1 M with 
respect to both, was heated in a stainless steel bomb 
at 250°C. After 2 hr., the carbon-13 content of the 
carbonate had risen from 1-06 to 2-62, and after 
4 hr. to 5-0 atoms per cent. (2) In another experi- 
ment a solution of approximately equal weights of 
carbon-14-labelled sodium carbonate and ‘AnalaR’ 
sodium formate (about 50 mgm. per ml. of each) was 
heated in a ‘Pyrex’ glass tube at 250° for 4 hr. 
Barium carbonate precipitated before the experiment 
had an activity of 4:13 x 107!*, and afterwards that 
of 2-80 x 10-'* curies per milligram. (3) It is also 
perhaps significant that when a solution of carboxyl- 
labelled sodium acetate {16-3 atoms per cent carbon-13 
in the carboxyl group) and ‘AnalaR’ sodium carbon- 
ate (approximately 0-1 M with respect to both) was 
heated at 250° for 5 hr. (stainless steel bomb) 
there was only a very slight increase in the carbon-13 
content of the carbonate (from 1-06 to 1-11 atoms 
per cent), probably owing to direct decarboxylation. 

It was thought that under the minimum conditions 
for quantitative hydrolysis of potassium cyanide, the 
exchange reaction might be sufficiently slow as to be 
unimportant. A mixture of unlabelled potassium 
cyanide and carbon-14-labelled potassium carbonate 
containing 20 per cent by weight of the carbonate 
was therefore hydrolysed at 150° during 4 hr. How- 
ever, while barium carbonate precipitated from the 
original solution had an activity of 3-35 x 107'* 
c./mgm., fter the hydrolysis the activity had fallen to 
2-49 x 10° c./mgm. When the carbonate was 
precipitated by excess baryta before the hydrolysis 
but left in the solution, the activity at the conclusion 
of the experiment was 3-02 x 10° c./mgm. It is 
therefore necessary to precipitate and remove the 
carbonate before hydrolysis. After hydrolysis the 
solution was acidified with excess phosphoric acid 
and distilled at room temperature in a closed system 
in high vacuum. Sodium formate was isolated in 
98-100 per cent overall yield by neutralization and 
evaporation of the distillate. 

A conceivable mechanism would involve an equi 
librium with the symmetrical oxalate ion. 

If this is so, there would, in view of the recent work 
of Lindsay, McElcheran and Thode‘, be expected to 
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Oo—C—O 
| + H,O 
o—C—0O 
C 

be some deviation from an equal distribution of 
isotope between formate and carbonate, arising from 
the possibility of an isotope effect in the decomposition 
of the oxalate ion. 

An investigation into the mechanism and prepara- 
tive use of the exchange, which appears to offer a 
unique route to labelled formate, and may have 
implications in other fields, is now in progress, and 
will be reported elsewhere. 

We are indebted to Prof. R. P. Linstead for his 
continued help and encouragement; to Messrs. 
J. V. P. Long and B. N. Audric of this Laboratory 
for the radioactivity measurements ; and to Dr. R. 
Bentley and his colleagues of the National Institute 
for Medical Research for the carbon-13 determina- 
tions. This letter is published by permission of the 
director of the Chemical Research Laboratory. 

D. G. Grant” 
H. S. TuRNER 
Chemical Research Laboratory, 
Teddington, Middlesex. 
Nov. 3. 


. eae” Rachele, J., and Keller, E., J. Biol. Chem., 168, 419 


* Gurin, 8., Symposium on Use of Isotopes in Biological Research, 
Univ. Chicago, March 3-4, 1947, quoted by Calvin et al., “Isotopic 
Carbon”, 165 (Chapman and Hall, 1949). 

* Harman, D., Stewart, T. D., and Ruben 8., J. Amer. Chem. Soc., 
64, 2293 (1942). 

* Cf. Sulzer, Z. Angew. Chem., 25, 1268 (1912) 

* J. Chem. Phys., 17, 589 (1949). 
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Trivalent Nickel 


WHEN investigating the complexes of bivalent 
nickel halides with the chelate o-phenylene-bis- 
dimethylarsine (A)', a series of very stable trivalent 
nickel salts have been isolated. If an alcoholic 
solution of nickel chloride is treated with the chelate 
A, a deep blood-red colour develops instantly, and 
by concentrating the solution a red salt [NiA,]Cl, is 
obtained (found: C, 34-2; H, 4-9; Cl, 10-2; 
(Ni(C,H,(As(CH,),)s):)Cl, requires C, 34-3; H, 4-6; 
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Cl, 10-1 per cent). The compound is diamagnetic 
with y = — 0-53 x 10 per gm., hence the cation 
is planar with the nickel using dsp* bonds. Attempts 
were made to convert this salt to the non-ionic com. 
plex NiACI, by refluxing with hydrochloric acid in 
alcohol solution. After some hours refluxing in the 
presence of air, a much less soluble, greenish-yellow 
substance crystallized out. In large crystals it is 
brown, but it dissolves in water to a small extent to 
a greenish-yellow solution. Its analysis agrees with 
the formula NiCl,.2A (found: C, 32-5; H, 4:5; 
Cl, 14-3; NiCl,.2C,H,(As(CH,),), requires C, 32-6; 
H, 4-3; Cl, 14-4 per cent). The compound can also 
be prepared by passing chlorine into an aqueous solu- 
tion of [NiA,]Cl,; the blood-red colour immediately 
becomes yellow and a yellow powder is precipitated 
almost quantitatively. An aqueous solution is slowly 
reduced by sulphur dioxide or stannous chloride 
and by boiling with hypophosphorous acid, a red 
solution of the bivalent salt being formed. 

The magnetic moment supports the valency of 
three assigned to the nickel. The compound is para. 
magnetic with a susceptibility of y = 1-42 x 10-* per 
gm. (at 294° K.). After making the necessary cor. 
rection for diamagnetism, the magnetic moment (::) 
is 1-89 Bohr magnetons, corresponding to one un. 


paired electron, for which theory requires u = 1-73. | 


There is no decomposition after several months, the 
compound being stable in air, under vacuum and to 
moisture. When treated with potassium iodide and 
starch, no blue colour is developed, but the iodide 
is precipitated. The corresponding bromide and 
iodide are being investigated. 

Jensen and Nygaard* have recently described a 
trivalent nickel complex, NiBr,;.2(C,H,),P, in which 
the nickel atom is five-covalent, and one might have 
expected the compound described above to be a salt- 
like analogue, since only part of the chlorine is ionized. 
However, conductivity measurements suggest that 
the substance is the octahedral complex [Ni4,CI,)Cl, 
and further potentiometric measurements, which are 
at present proceeding, seem to confirm this. The 
compound is remarkable for its stability and ease 
of formation by aerial oxidation, a reaction which is 
common with bivalent cobaltammines but hitherto 
not observed with bivalent nickel. The ease of oxida- 
tion by air is explained by the oxidation potential 
[NiA,]**/(NiA,Cl,]*, which is estimated at c + 0-8 
volt from redox titrations. A more complete discussion 
of these compounds will appear elsewhere in due course. 

The bivalent cobalt complex undergoes similar aerial 
oxidation. The planar complex [CoA,]Cl, (found: 
C, 33-9; H, 4-6; Ci, 10-1; [Co(C,H,(As(CH;),)s)./Cl, 
requires C, 34:2; H, 4-6; Cl, 10-1 per cent; para- 
magnetic with 1 = 2-1 Bohr magnetons) is oxidized 
by chlorine or air and hydrochloric acid to a green 
paramagnetic compound which is obviously not the 
usual trivalent octahedral complex, since these are in- 
variably diamagnetic. Oxidation of the salt [CoA,]I,, 
however, gives the almost black diamagnetic 
compound Col,.2A (found: C, 23-9; H, 3-2; 
CoI,.2C,H,(As(CH;),),. requires C, 23-7; H, 3-4 per 
cent), which is undoubtedly the octahedral complex 
salt [CoA,I,]I. This work is being continued. 

R. 8S. NyHotm 
Sir William Ramsay and 
Ralph Forster Laboratories, 
University College, London. 
Sept. 26. 
* Chatt and Mann, J. Chem. Soc., 610 (1939). 
*Jemsen and Nygaard, Acta Chem. Scand., 3, 474 (1949). 
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An Inhibitor of Hexokinase in the 
Plasma of Diabetics 


THE in vitro effects of hormones on animal hexo- 
kinase described by Colowick, Cori and Slein! 
suggested the possibility of using the hexokinase 
reaction as a test system for the investigation of 
hormonal levels in human blood. Smith* recently 
reperted an unsuccessful attempt to isolate hexo- 
kinase inhibitors from fractions of diabetic plasma. 
In our own experiments an inhibition of hexokinase 
by unfractionated diabetic plasma, reversible by 
insulin in vivo, though not regularly in vitro, could 
be observed in seven out of fourteen cases investigated 
so far. 

Four blood samples were collected from each sub- 
ject in two-hourly intervals, starting at 7 a.m. The 
first sample was taken from the fasting subject, but 
the usual hospital meals were allowed thereafter 
(meal times: 8 a.m. and 12 noon). So far as possible 
each patient was examined first in absence of exo- 
genous insulin and again in the course of insulin 
treatment. Sodium fluoride, in 0:3 per cent concen- 
tration, was used as anticoagulant. 

A freshly prepared, centrifuged extract of rat-brain 
homogenate in distilled water served as hexokinase 
preparation. The test system contained, in a total 
volume of 3 ml., 1-6 mgm. of brain extract protein. 
Other constituents were added to give the following 
concentrations (M): NaHCO,, 0-02; MgCl,, 0-0067 ; 
NaF, 00238; glucose, 0-00185; adenosine tri- 
phosphate, 0:0033. The plasma to be tested was 
added in amounts of 1 ml., and the solution to which 
it was added was modified to allow for the content of 
magnesium, bicarbonate, fluoride and glucose in the 
plasma added. Where the plasma glucose exceeded 
100 mgm. per cent, the glucose content of all samples 
in the same experiment was adjusted to an identical 
level and the concentration of adenosine triphosphate 
was increased in the same proportion. The mixture 
was incubated for 30 min. at 30° C. in an atmosphere 
of nitrogen containing 5 per cent carbon dioxide. 
The reaction-rate was determined by the rate of 
disappearance of glucose. Differences of 17 per cent 
or more between the control and plasma experiments 
are statistically significant (P < 0-01). 

TABLE |. EFFECT OF DIABETIC PLASMA ON HEXOKINASE ACTIVITY. 
4, Patient deprived of exogenous insulin: 6, patient under insulin 
treatment. Activity of control experiment (without plasma) = 100 


Case Sex Time of blood collection 
7.0 a.m 90am. 11.0 a.m. 10 p.m. | 
| 
! m a 53°7 215 =| 25°7 14-7 | 
b 40°4 72 | 68-5 6 
- ™m a | 105 S75 | 72 53°7 
6 103 181 ); 117 189 } 
m a 92 27 | 58 91 | 
b 146 66 171 82 
4 f a 78 64 | 84 31°8 
b 9s 115 } 115 | 125-5 
f a 55 18°5 33 | 51 
b 140 128-5 | 219 95 
6 f a 93-5 89 | 73°5 59 
b 114 93 107 125 
7 f a 61 109 62°5 46°5 


| 











The results obtained with piasma of the seven 
diabetic cases which showed an inhibitory effect on 
rat-brain hexokinase are shown in Table 1. Inhibition 
was generally more severe (1) in untreated than in 
insulin-treated patients, (2) after meals than in the 
fasting state, and (3) in patients with high blood- 
sugar values and high insulin requirements than in 
those with milder forms of the disease. The increase 
of inhibition after food intake is the opposite of the 
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tendency observed in normal subjects or in diabetics 
under insulin treatment, who usually received their 
morning injections shortly before the second blood 
sample was withdrawn. The inhibitory principle 
present in some of the diabetic plasma samples is of 
limited stability and loses most of its activity after 
storage at 0° for about twelve hours. 


TABLE 2. EFFECT OF NON-DIABETIC PLASMA ON HEXOKINASE ACTIVITY. 
Activity of control experiment (without plasma) = 100. 


' 
| Case | Sex Time of blood collection | 
| 7.0 a.m 90am. 11.0am. 1.0 p.m. 
l m |} 108-5 37 | 167 255 | 
2 m 94-5 91°5 105 117 
3 m | 165 242 215 150 
4 m | 100 91-5 109 ee tt 
gS | m } 215 212 128 ; i | 
6 | m 1 140 156 119 133 
7 m | 79 127 115 91 
8 m j 160 149 175 147 
9 | m 135 131 132 13] 
10 f |} 155 123 148-5 &3 
11 f } 210 192 192 215 
m= Pp '¢@ | 106-5 | 149 153 117 





Table 2 shows the results of similar experiments 
performed with plasma of non-diabetic subjects. 
Without discussing them in detail, it may be said 
that significant inhibitions were not observed in this 
series, but that on the contrary activation effects 
frequently occurred. Diabetic cases which did not 
show the inhibition effect gave results resembling 
those obtained with non-diabetic plasma and, like 
these, sometimes caused considerable activation. 
The presence or absence of the inhibitory effect seems 
to be a permanent character, since repetition of the 
investigation gave similar results in the same cases. 

These observations suggest the presence of activa- 
tors and inhibitors of hexokinase in plasma in varying 
relative amounts. The variability of the effects, not 
only from individual to individual, but also from 
hour to hour, indicates a high degree of mobility and 
reactivity in the level of active substances, such as 
might be expected if they were of hormonal nature. 
The insulin-deficiency of the diabetic may lead to a 
preponderance of inhibitor hormones, and _ this 
imbalance may be corrected by insulin injection. 
However, addition of insulin in vitro has not always 
resulted in a complete reversal of the inhibitory 
action of diabetic plasma, nor did it duplicate the 
activation effects obtained with some samples of 
plasma or, in an especially striking way, of erythrocyte 
lysates. 

H. Wert-MALHERBE 
Runwell Hospital, Wickford, Essex. 
Sept. 6. 
' Colowick, 8. P., Cori, G. T., and Slein, M. W., J. Biol. Chem., 168, 
583 (1947). 
* Smith, R. H., Biochem. J., 42. liii (1948). 


Effect of Histamine Desensitization upon 
Thyroxine Sensitivity 


THE increased consumption of oxygen  pro- 
duced by thyroxine was investigated with white mice 
desensitized with histamine. We have published 
elsewhere an account of the mechanism of histamine 
desensitization (which is, in fact, a decreased sensitiv- 
ity to histamine), and the test which was used for 
controlling the establishment of desensitization’ *-*. 
The oxygen consumption was recorded on an Issekutz 
apparatus‘ at 30°C. The experiments were per- 
formed on forty white mice, with forty controls, 
between the weights of 19 and 22 gm. 









156 


A dose of 1-5 mgm./kgm. thyroxine s.c. brought 
about an average of 54-7 per cent increase of meta- 
bolism three days after the thyroxine injection. 
(The average oxygen consumption of normal mice 
was 6 4 oc.c., while after the thyroxine injection it 
became 9 9 c.c. during 10 min.) The sarae dosage 
of thyroxine increased the metabolism of mice 
desensitized with histamine on the average only by 
6-3 per cent (oxygen consumption before administra- 
tion of thyroxine was 6-3 c.c., after injection 6-7 c.c.). 
The histamine desensitization itself did not influence 
the metabolism. 

We then investigated the effect on oxygen con- 
sumption both of a peripherally (adrenaline) and of 
a rather centrally (benzedrine, phenylisopropylamine) 
acting sympathicomimetic drug on normal and on 
desensitized mice. Benzedrine at the rate of 4 mgm./ 
kgm. s.c. brought about an average increase of 
62-5 per cent in the metabolism of mice. This effect 
appeared in desensitized animals unchanged (64-2 per 
cent). Subcutaneous administration of 1 mgm./kgm. 
adrenaline to normal animals was followed with an 
average increase of metabolism of 73-1 per cent, 
which returned to the nurmal level in about one hour. 
When the mice were desensitized with histamine, the 
adrenaline effect was not lower, but sven higher, 
causing an increase of 103-8 per cent in metabolism 
for an interval of two hours. 

Thus desensitization with histamine hindered the 
increased metabolism produced by thyroxine, but not 
the effect of benzedrine and adrenaline. 

These experiments were repeated with an anti- 
histamine (pyribenzamine, N-«-pyridyl-benzyl-N-di- 
methylene-diamine). After the administration of 
thyroxine, 1 mgm. . pyribenzamine was given to 
mice subcutaneously every second hour during 48 hr. 
These doses of pyribenzamine counterbalanced the 
effect of thyroxine (the increase of metabolism was 
only 12-3 per cent instead of the normal value of 
54-7 per cent); however, the condition of the mice 
deteriorated in consequence of the continued ad- 
ministration of pyribenzamine. 

In continuance of these experiments, we pro- 
pose to investigate the detailed mechanism of this 
phenomenon (histamine is perhaps the stimulus- 
transmitting substance at the point where thyroxine 
attacks, that is, at the metabolism centre); further, 
we intend to examine the influence of a single slowly 
resorbed dose of antihistamine upon the thyroxine 
effect. 

M. Fasrny1-SZEBEHELY 
L. GYERMEK 
J. Sze BsHELY 

Department of Pharmacology, 
ey of Lund. 

M., and Szebehely, J., Arch. Int. Pharmacodyn., 75, 402 


* Fabi ay. 
(1948 


* Fabinyi, a and Szebehely, J., Schweiz. Med. Wechr., 79, 299 (1949). 
* Fabinyi, M., and Szebehely, J., Acta Aillerg., 2, 233 (1949). 
* Issekutz, B., Schmiedebergs Arch., 199, 306 (1942). 


Occurrence of Meduliary Bundles in the 
Apple Shoot 


MEDULLARY bundles are known to occur in some 
thirty-eight families of flowering plants ; but hitherto 
they. have not been reported in the Rosacexw. In- 
vestigations are proceeding on the apple (var. 
Worcester Permain on Malling II stock), from 
material collected in the orchards at Wye College, to 
try to determine not only their development and 


NATURE 


January 28, 1950 vol. i¢ 


extent, but also to see whether their presence car 
any way be connected with some physiologic 
phenomenon, which will perhaps provide an indica. 
tion as to their possible function. In this connexio 
Alexandrov and Alexandrova' reported the presen 
of medullary bundles in the first two to th: 
internodes of the inflorescence axis of Ricinus ce 
munis, appearing only after flowering and being 
completely absent from decapitated plants. From 
this they concluded that the medullary bundles wore 
developed to meet the demands of a congested type 
of inflorescence. Westmaier (quoted in Haberlandt*) 
was of a similar opinion regarding their function 
as a result of a study of medullary bundles in the 
Begoniaceew. He observed that in this family their 
occurrence is restricted to the stems of species that 
perennate by means of tubers or rhizomes, where the 
quantity of translocated materials passing through 
the stem is greater than in woody forms; and con 
cluded that medullary bundles are formed to meet 
this need. Worsdell*, in a paper on the Cucurbitaces, 
concludes that the internal phloem, which he con- 
siders a vestigial structure, being medullary bundles 
which have lost their xylem, is a remnant of a mono. 
cotyledonous condition. I myself regard this latter 
theory as improbable, owing to the occurrence of 
medullary bundles in families of plants which bear no 
systematic relation to each other. 

Unlike the case in certain other families, no con 
nexion has so far been found in apple shoots between 
the medullary bundles and the vascular cylinder. 

Throughout their length, from the apical meristem 
where they are initiated, to the point where they end 
blindly in the pith, it is possible to follow the usual 
transition from procambium to mature tissues. In a 
transverse section of the stem a few nodes from the 
apex, the bundles are seen to consist of a central 
phloem surrounded by radially arranged rows of cells 
which will. ultimately become lignified and which 
probably originated from a cambium. 

Regarding their longitudinal extent, it would 
appear that their formation is not continuous through- 
out the growing season, so that one finds isolated 
groups of bundles at intervals throughout the length 
of the stem, which are se ted from those above 
and below by normal pith. Up to the present, their 


A transverse section through the second internode of a one-year 
old apple shoot showing five clear medullary bundles in the pith 
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course has been found to extend throughout the 
first- and second-year wood. 

With the idea of seeing if there was any difference 
in the occurrence of medullary bundles in trees grow- 
ing"on different stocks, I collected shoots growing on 
Malling XVI and Malling LX rootstocks. No medullary 
bundles have as yet been found in the variety 
Worcester Permain growing on Malling XVI, which 
is a Vigorous stock, but only on the dwarfing Malling 
[IX stock. 

My thanks are due to Dr. B. A. Beakbane, of East 
Malling Research Station, for facilitating the col- 
lection of material from the orchards there. 

P. J. A. Hotwitt 
Department of Biological Sciences, 
Wye College, 
Nr. Ashford, Kent. 

Alexandrov and Alexandrova, Bot. Arch., 14, 455 (1926). 

*Haberlandt, G., “Physiological Plant Anatomy” (English trans., 
London, 1914). 
*Worsdell, W. C., Ann. Bot., 29. 567 (1915). 


Endosperm in Cassia tora Linn. 


Durtnec the course of a comparative study of 
several members of the Leguminose, I found an 
interesting type of endosperm formation in Cassiu 
tora Linn. (family Cxsalpiniacee), a common road- 
side plant in India. The primary endosperm nucleus, 
by repeated division, gives rise to a number of free 
nuclei which are at first more or less uniformly 
distributed throughout the embryo-sac. Afterwards, 
one of the nuclei situated near the chalazal end be- 
comes more prominent than the rest of the endo- 


sperm. Wall formation takes place only in the micro- 


pylar part of the endosperm. The chalazal part, 
which remains free nuclear, becomes a narrow tube 


Fig. 1. Section of the embryo sac showing the embryo, cellular 
tone of endosperm and lower tubular portion of endosperm. x 110 


Fig. 2. Whole mount ofendosperm. x 55 


Fig. 3. Section of chalazal half of seed showing coiled tubular part 
of endosperm lying superposed on the upper cellular part. x 55 
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with denser cytoplasm in its elongated lower end 
(Figs. 1 and 2). As the mass of endosperm tissue 
increases, the lower tubular process becomes irregu- 
larly coiled and twisted. The sac-like portion at its 
tip is often displaced so that it is sometimes found 
lying on one side of the cellular zone or superposed 
on it (Fig. 3). Microtome sections naturally fail 
to give any clear or complete picture of this interest- 
ing tubular process ; but whole mounts of the endo- 
sperm showed it quite clearly. 

A similar condition has been observed to exist in 
some other species of Cassia, and a detailed account 
of their embryology will be published elsewhere. To 
the best of my knowledge, this feature is unknown 
in the Leguminose and is probably rare in other 
angiosperms also. 

I am grateful to Prof. P. Maheshwari of the 
University of Delhi for his valuable suggestions. 

M. ANANTASWAMY Rav 

Department of Botany, 

First Grade College," 
University of Mysore. 


Dec. 1. 


Non-Mendelian Segregation from Hetero- 
zygotic Yeast Asci 


Ir"M denotes a gene for the production of maltase 
and m its allelomorph, which is unable to produce 
the enzyme, a heterozygotic 4-spored yeast ascus 
originally having the formula Mm would be expected 
to yield a simple Mendelian segregation ratio of 
2:2; that is, two of the spores should give rise to 
maltose-fermenting types, while the other two spores 
should give rise to non-fermenting types. 

During an investigation of the inheritance of the 
ability of yeasts to ferment maltose, the presence of 
three polymeric M-genes, M,, M, and M,, in 
Saccharomyces cerevisie was established!. 

In subsequent studies, an M,M, mym, mym, type 
was obtuined, and this was backcrossed to a 
non-fermenting type, m,m, mgm, m,m,. The hybrid 
thus formed consequently should be the single 
heterozygote M,m,, and its progeny would be ex- 
pected to yield a simple 2: 2 segregation. Two such 
hybrids, Nos. 65 and 66, were produced by spore 
crossings and the segregation ratios of their progeny 
investigated. 

Twelve 4-spored asci from hybrid 65 were analysed 
«nd all were found to give 2:2 ratios. Hybrid 66 
gave, however, in addition to 12 normal 2: 2 segre- 
gating asci, one ascus with three maltose fermenters 
and one non-fermenter. How could this behaviour 
be explained without resorting to Winkler’s so-called 
“conversion theory’? (which Lindegren also supports 
in his investigations on yeast genetics*), namely, that 
in a heterozygotic yeast a gene may be contaminated 
by its allelomorph and thereby may be transformed 
into the latter ? We consider this theory to be highly 
improbable. It occurred to us, however, that 
an obvious explanation could be that the four nuclei 
of the divergent 3:1 segregating ascus had each 
undergone an additional mitosis, resulting in the 
formation of four M nuclei and four m nuclei, but 
that four of these had afterwards degenerated so 
that at sporulation only four uninucleate spores 
had been produced. The segregation ratio in such a 
case would be entirely a matter of chance. A search 
was therefore made for asci containing more than 
four spores, and we were successful in finding 
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5-spored asci in both hybrids, as well as a 6-spored 
ascus in hybrid 66. 

All the spores from a 5-spored ascus of hybrid 65 
were isolated, but only four of them germinated. 
These four gave a segregation ratio of 3M : lm. 

A 3M: 1m segregation was also obtained from a 
5-spored ascus of hybrid 66, in which only four spores 
germinated. 

All ten spores from two 5-spored asci of hybrid 66 
germinated, and both asci segregated out as 2M : 3m. 

Finally, all the spores from a 6-spored ascus of 
hybrid 66 were isolated, but only four of them germ- 
inated and gave a ratio of 3M : lm. 

It is thus evident that 8-nucleate asci are produced 
in this material. When asci of this type produce 
only four spores, the chances, according to a simple 
calculation of probabilities, will be that : 


51-4 per cent asci will segregate as 2M : 2m 
22-0 , se am , 3M 


” ® :im 
22°9 yo oe ae » 1M:3m 
1S ’ ” . >» 4M: 0m 
AS o os - » OM: 4m 


If, for example, 10 per cent of the 4-spored asci 
had originally contained eight nuclei, it would thus 
be expected that c. 4-6 per cent of them would yield 
either 3: 1 or 1 : 3 segregations instead of the normal 
2: 2 ratio. 

This proof of the occurrence of additional nuclear 
divisions within the ascus gives, therefore, a simple 
explanation for the fact that exceptions to classical 
Mendelian ratios may occur. 

6. WincE 
C. RoBERTS 
Physiological Department, 
Carlsberg Laboratorium, 
Copenhagen. 


‘ Winge, 0., and Roberts, C., C.R. Lab. Carleberg, Sér. Physiol., 24, 


263 (1948). 
* Winkler, H., “Die Konversion der Gene” (1998). 
* Lindegren, C. C., “The Yeast Cell, its Genetics and Cytology”’ (1949). 


Carbohydrase Specificity in Saccharomyces 
Hybrids 


TuE substrate specificity of the yeast carbohydrases 
has been studied by many authors'~*. It has been 
concluded*:* that standard industrial yeasts— 
brewers’, distillers’ and bakers’ yeasts—contain 
carbohydrases the substrate specificity of which is 
determined qualitatively only by the nature of the 
glucosidic terminal unit of the sugar substrate. On 
this basis, distinction has been made between the 
following: (1) a  beta-fructofuranosidase which 
catalyses the remove! by hydrolysis of the fructo- 
furanosidic terminal fre m sucrose, raffinose, stachyose, 
gentianose and beta-methylfructofuranoside, (2) an 
alpha-glucosidase which catalyses the removal by 
hydrolysis of the alpha-glucosidic terminal from 
maltose, sucrose, turanose, melezitose and suitable 
synthetic alpha-alkyl glucosides and alpha-aryl 
glucosides, and (3) an alpha-galactosidase, which 
catalyses the hydrolyses of the alpha-galactosidic 
terminal from melibiose, raffinose and alpha-pheny] 
galactoside. 

Enzyme preparations derived by us from haploid 
hybrid Saccharomyces strains of genetically defined 
constitution* do not conform with this classification. 
These yeasts yield an alpha-glucosidase which acts 
rapidly on alpha-methy! glucoside and is inert both 
to maltose and some other oligosaccharides with a 
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terminal alpha-glucosidic unit. The haploids have 
also provided a specific sucrase which acts neither 
on raffinose nor maltose. It is therefore to be con. 
cluded that the number of the yeast carbohydrases 
is larger and their substrate specificity much narrower 
than has hitherto been supposed. The differentiation 
in the yeast material of a specific alpha-methy| 
glucosidase and a new sucrase provide an apt illustra. 
tion of the effectiveness of the genetic method. 

This research was supported in part by Anheuser. 
Busch, Ine. 

SHLtomo HEstTRIN 

Hebrew University, Jerusalem. 


Cart C. LINDEGREN 
Southern Illinois University, 
Carbondale, Illinois. 


* Fischer, E., and Lindner, P., Ber., 28. 3034 (1895). 


* Willstatter, R., and Bamann, E., Z. physiol. Chem., 152, 202 (1926) 


* Euler, H. von, and Brunius, E., Z. physiol. Chem., 160, 242 (1926), 
* Leibowitz, J., and Hestrin, 8., Biochem. J., 38, 772 (1942). 


* Weidenhagen, R., and Renner, A., Z. Wirtschaftagruppe Zuckerind,, 


86, 22 (1936). 
* Lindegren, Carl C., and Lindegren, Gertrude, Proc. U.S. Nat. Acad. 
Ser., 35, 23 (1949). 


Occurrence of Unusual Positive Coombs 
Reactions and M Factors in the Blood of a 
Mother and Her First Baby 
FOLLOWING routine investigations of blood factors 


of a woman, aged twenty-four, and her first baby, 
it was found that the red cells of the mother and 


her child both gave positive reactions to the Coombs Jj 
test, when first tested shortly after the birth of the 


child, and on several occasions during the next 
eighteen months. The red cells of the father, and 
those of a second child born fifteen months after the 
first, gave negative reactions to the Coombs test. 

The mother’s blood was A,, Rh-positive (R,R,), 
P-negative, and when first tested appeared to be type 
N. The first baby was A,, Rh-positive (R,R;), P 
negative and type M. The father was A,, Rh 
positive (R,R,) and type M. The second baby’s 
blood was A,, Rh-positive (R,R,) MN, and did 
not give a positive Coombs test. (The anti-Rh sera 
used were anti-rh’ (anti-C), anti-Rh, (anti-D), anti- 
rh” (anti-E), and anti-hr’ (anti-c). It is therefore 
probable, and has been assumed, that the genotype 
in each case was RR, rather than the very rare R,2’.) 
The mother’s serum did not agglutinate cells containing 
agglutinogens R,, R,, r, M, N, P or p, Lewis-positive 
or Lewis-negative cells. Kahn reactions were nega- 
tive in blood of mother and first child. 

There was no clinical or laboratory evidence, 
except the positive Coombs reactions, to suggest 
hemolytic disease, either in the mother or the first 
baby, nor could species reaction to normal rabbit 
serum be demonstrated. It is therefore suggested 
that the positive Coombs tests were due to the 
presence of abnormal receptors of a hereditary 


nature, and that an unidentified antigen in the | 


pooled human serum used to immunize the rabbits 
for the production of Coombs reagent had stimulated 
antibodies reactive with these receptors. 

The M- and N-types of the mother and first child, 
when first tested with single samples of potent M- 
and N -testing fluids, appeared not to conform with the 
accepted rule of heredity of these factors, and special 
tests for the detection of a possible N, factor were 
negative. Samples of the blood of the mother and 
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the first child were then sent to Dr. R. R. Race. He 
found that the mother’s red cells were agglutinated 
by one of two samples of anti-M serum of human 
origin. We later tested the mother’s red cells with 
seven further samples of anti-M serum, five produced 
by immunization of rabbits and two of human 
origin ; one of the rabbit sera and both human sera 
caused no agglutination, whereas the other four rabbit 
sera caused strong agglutination. It appears that the 
mother’s red cells contain a variant of the M-factor, 
which wes detected only by five out of ten samples 
of the anti-M sera, all of which gave strong agglutina- 
tion with known controls and many other samples 
of cells. 

A full report of this case is to be published in the 
Medical Journal of Australia. 





R. JAKOBOWICZ 
L. M. Bryce 
R. T. Summons 


Aistralian Red Cross Blood Transfusion 
Service (Victorian Division), 
Commonwealth Serum Laboratories and 
Queen Victoria Hospital, Melbourne. 
Oct. 17. 


Non-Coaxiality of Principal Normal Stresses 
and the ‘Strain’ Ellipsoid in the Classical 
Theory on Infinitesimal Deformation 


A FUNDAMENTAL assumption in the classical theory 
on infinitesimal deformation in isotropic substances 
is that such an equation as (6) reduces to principal 
normal ‘strains’ ¢€,,;, €,, only when the co-ordinate 
axes are in the principal normal stress directions'*. 
This hypothesis is shown in this communication to 
be untrue, in general, since this ‘strain’ ellipse is 
defined by means of gradients of ‘spatial-displace- 
ment’ U. Because the reference axes as used in the 
classical theory are fixed in space and independent 
of the deformed body, U contains a component due 
to ‘rotation-of-the-body-as-a-whole’* even when this 
rotation is only infinitesimal. Thus, while all workers 
agree on the meaning of physical principal normal 
strain and stress directions, and that they are co- 
axial in an isotropic substance, the use of ‘spatial- 
displacement’ gradients. to define strain leads to 
mathematical non-coaxiality with stress. 

For brevity in writing, consider only two-dimen- 
sional displacement effects induced by a plane prin- 
cipal normal stress system S,, S,. Cartesian reference 
axes Ox, Oy are spatially fixed and have their origin 
at an arbitrary point of the deformed body. With 
respect to these fixed axes an adjacent point at initial 
position dR® suffers a differential relative ‘spatial- 
displacement’ dU. The gradients of the displacements 
will be restricted to infinitesimal values. 

Then geometrically, 

dR — dU = dR°*. (1) 

Suppose the substance is isotropic and elastic so 
that orthogonal line elements of the deformed body 
in directions ¢,, e, will have suffered stretch only 
and would merely contract and still be orthogonal 
if stresses S,, S, were removed from the element. OA, 
OB are such contracted elements; but in general 
they would be initially OA®, OB® in the figure, where 
angle @ of rotation is infinitesimal. Thus if the 
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element were unloaded, the adjacent point at dR 
would contract to dR® inst corresponding to dR® 
rotated through angle 6. Thus with D as ‘straining- 
displacement” gives geometrically, 


dR — dD = dR° inst — dR° + OdR*(e,e,—¢,¢,) (2) 


and 


dU = dD + 6dR*.(c,c¢,—c¢,¢,). (3) 
(In a three-dimensional analysis, it is convenient to 
use a ‘versor operator’ 2 to ‘rotate’ vector R® to 
position R® inst through, angle 6 about an axis 
in the direction of the[unit vector a. Thus with 


idemfactor _¥, 


R® inst — 2 . R° 
2 = aa + (_F — aa) cos 6 + a x FY sin 0. 


Gibbs, in “Vector Analysis” (1901), derives this 
operator algebraically, arguing along ‘quaternionic’ 
lines, whereas I recer.tly derived it independently 
using geometrical] reasoning with the usual scalar and 
vector product definitions without being aware of 
Gibbs's treatment. This operator has proved most 
useful in a treatise now in preparation.) However, 
body continuity requires U and D as continuous 
point functions so that the scalar coefficients of ¢,, c, 
respectively in (3) expanded are, 


U,,,dR, — U,,.4dR, = 
U,,.dR, + U;, aR, _ 


D,,,dR, + 6dR,° (4) 
Dy aR, cs 6dR,° 
with U,,, = 0U,/0R,,..., for brevity. 

Neglecting squares and products of displacement 
gradients such as U,,,,..., then the squaring of (1) 
by scalar multiplication gives, 


dR. ie 2U,1,,)e,¢, + (1 — ana) 
— (O45 + 451) (xe + 2¢;) 
= (dR°)*. (5) 
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With ©€,,, &99, €1_ for ‘strains’ and r,, r, for direction 
cosines of dR with respect to ¢,,e, gives the usual 
expression!:*, 


(aR? _ 
\dR/] 


20 3537? — ZU goera* — 


WU wat Uar)rits 
(6) 


= 1] — 2e, ry? — Veggrg® — VE ysr Po. 
Since the dyadic in (5) is self-conjugate, then 
‘principal’ directions ex, ey, say, can be found‘ to 


give, 


dR .[{ (1 — 2Uy.x)exey + (1 — 2Uy,y)eyey] .dR 

= (dR°)*. = (7) 
This is an ellipse, since both the coefficients are 
positive ; but its axes are not in the directions ¢,, ¢, 
of the principal normal stresses S,, S, However, 
if 6 the angle of rigid rotation of the element of sub- 
stance is zero in (4), then U,,, and U,,, equal D,,, 
and D,,, respectively, and (5) becomes, 


dR .[ (1 — 2D,,,)e,e, + (1 — 2Dy4,,)e,¢,] . dR 
= (dR°)*. (8) 
This is precisely the ellipse that would follow from (2) 
considering ‘straining-displacement’, since (dR® inst)® 
equals (dR°*)*, and its principal axes are in the 
directions of the principal normal stresses as required. 
Thus it is seen that allowing just an infinitesimal 
‘rotation of the body as a whole’ (in my sense*) 
through angle 6 leads to the loss of one-one corre- 
spondence between principal normal stresses and 
‘strains’ defined by ‘spatial-displacement’ gradients. 
The argument is developed similarly in the three- 
dimensional! case. If the rotation of the body as a 
whole is finite, then clearly the effects noted here will 
be accentuated. A recent note* pointed out that the 
classical finite ‘strains’ expressions non-linear in dis- 
placement gradients are unnecessary even when 
‘straining-displacement’ is used in their definition. If 
in the definition of those non-linear expressions 
‘spatial-displacement’ be used, as is done by others 
than myself, then apart from their other disadvant- 
ages, such strain expressions cannot have one-one 
correspondence with stress, as has been shown in 
the present communication. 
. K. H. Swartncer 


Imperial College of Science and Technology, 
London, S.W.7. 
July 30. 


* Love, A. EB. H., “Mathematical Theory of Elasticity’’ (Camb. Univ. 


Press, 1934). 
* Sokolnikoff, I. 8., and Specht, R. D., ““Mathematical Theory of 


Elasticity”, 66, 67 (McGraw-Hill, 1946). 
* Swainger, K. H., Phil. Mag., 38, 422 (1947). 
* Weatherburn, C. E., “Advanced Vector Analysis’’ (Bell, 1937). 
* Swainger, K. H., Nature, 163, 23 (1949). 


Combustion of Liquid Fuels 


A RECENT letter by Godsave' described experi- 
ments on the combustion-rates of single liquid-fuel 
droplets. The general case of the combustion of 
liquid fuel in gas streams is being studied at this 
Laboratory, and it may be interesting to outline 
the approach made and the preliminary results, 
which will be published elsewhere*. 

Heat transfer between a body and a fluid flowing 
past it is often pictured as occurring by thermal 
conduction across a stagnant film of fluid adhering 
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to the body, while the temperature throughout the 
bulk of the liquid is supposed substantially constant: 
an analogous simplification is commonly made when 
matter transfer takes place in like circumstances, 
By assuming the thickness of the film to depend only 
on the nature of the fluid and the pattern of flow 
past the body, it is possible to predict heat-transfer 
coefficients from matter-transfer experiments, and 
vice versa. 

In the present theory of liquid-fuel burning, the 
combustion is supposed to occur within a similar 
stagnant film surrounding the liquid mass. The 
film is divided into two parts by a surface, parallel 
to the film boundaries, at which the chemical re. 
action occurs. Fuel vapour and oxygen diffuse to. 
wards this surface from the inner and outer bound. 
aries respectively, and combustion products diffuse 
outwards. A small proportion of the heat of reaction 
is conducted inwards to provide the latent heat of 
vaporization of the fuel and the enthalpy increase 
of its vapour, while the remainder is conducted out. 
wards towards the gas stream. For a given fuel and 
atmosphere, the temperature and matter distribu. 
tions can be calculated from the ordinary laws of 
thermal conduction and molecular diffusion ; these 
distributions are independent of the film thickness, 
In particular, the temperature at the reaction surface 
can be found; it is different in general from the 
adiabatic flame temperature. 

The combustion-rate can then be calculated if the 
thickness of the effective stagnant film is known 
This thickness has been determined implicitly by 
many investigators in heat- and matter-transfer 
experiments on various systems, for example, spheres 
In gas streams. 

It is convenient in practice to imagine the burning 


fuel surface to be replaced by a solid surface at such | 


&@ temperature that the rate of heat addition to th gas 
stream is unchanged. The required temperature is 
calculable from the properties of the fuel and the 
gas, and is independent of the thickness of the 
stagnant film, that is, of the shape of the body and 
the velocity of the gas stream. Thus a kerosene 
surface burning in air at room temperature adds heat 
to the atmosphere at the same rate as would an 
identical solid surface at a temperature of 25,000° C. 
above its surroundings. 


The theory has been confirmed experimentally by | 


measuring the rate of burning of kerosene by natural 
convection from a spherical surface of 1} in. diameter, 
the effect of latent heat variations being simulated 
by cooling the sphere internally. The measured 
rates were about 50 per cent of the theoretical, and 
lay on similar curves. It was found that the com- 
bustion-rate increases as heat of combustion and 
atmospheric temperature and oxygen concentration 
increase, and as latent heat of vaporization decreases. 
The ‘volatility’ of the fuel is irrelevant, when the 
steady state has been reached. The extinction limits 
of the flame and the occurrence of smoke appeared 
to depend on the peak temperature within the film, 
as did also the reaction mechanism. 

Further study is being directed to combustion by 
forced convection. 

D. B. SPALDING 
Engineering Laboratory. 
Trumpington Street, 
Cambridge. 
Nov. 14. 

* Nature, 164, 708 (1919). 
* Fuel, 29, Nos. 1 and 2 (1949). 
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FORTHCOMING EVENTS 


Meetings marked with an asterisk * are open to the public) 


Monday, January 30 
CuemicAL Society, Leeps Sgcrion (in the Chemistry Lecture 
Theatre, The University, Leeds), at 6. Poa —Dr. F. L. Rose: “The 
Rasis of Chemotherapeutic Research” 


Tuesday, January 3! 

ROYAL ANTHROPOLOGICAL INSTITUTE (at 21 Bedford Square, Lon- 
don, W.C.1), at 5 p.m.—Prof. Alexander Galloway: “The Border 
Cave Skull in relation to the Middle Stone Age Skulls of South Africa’’. 

INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENTS SECTION 
(at Savoy Place, Victoria Embankment, London. W.C.2), at 5.30 p.m. 
—Discussion on “Metering of Welding Loads” (to be opened by Mr. 
G. F. Shotter). 

MANCPESTER GROGRAPHICAL SocreTy (at the Geographical Hall, 
16 St. Marv’s Parsonage, Manchester), at 6.30 p.m.—Mr. C. Owen 
Hockin: “Some Hebridean Islands’. 

ROYAL ARRONarTicaL Society (at 4 Hamilton Place, London, 
W.1). at 7 p.m.—Mr. J. H. Argyris: “‘Further Problems of Aircraft 
Stressing’’. 

SPEFFIELD METALLTRGICAL 
Sheffield). at 7 p.m.—Prof. H. O'Neill: 
the Hardness of Metals’. 

ROYAL METEOROLOGICAL Soctety, ey ar CENTRE 
, ae Birmingham), at 7.15 p.m.—Mr. J. K. Bannon: 


9 Society, MANCHESTER, SALFORD AND DISTRICT 
Braxcn (in the Counci] Chamber, Houldsworth Hall. Manchester), at 
745 p.m.—Mr. B. J. Thomas: “Modern Development in Pharma- 


ASSOCIATION (at 198 West Street, 
“The Atomic Structure and 


(at the 
“Thunder- 


Wednesday, February | 


ROYAL SocteTy oF MEpicINne, History SEcTION (at 1 Wimpole 
Street, London, W.1), at 4.30 p.m.—Dr. F. F. Cartwright : “Humphry 
Davy's Contribution to Anmathesia”’. 

GrOLOG! AL SorieTY OF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m.—Scientiflce Papers. 

BRITISH INSTITUTION OF RADIO ENGINEERS, MERSEYSIDE SECTION 
(at the Accountants’ Hall, Derby Square, liverpool), at 7 p.m.—Mr. 
D. R. Hardy: “The Measurement of Smal! Currents”’. 

INSTITUTION OF ELECTRICAL ENGINEERS, LONDON STUDENTS’ 
SecTION (at Savoy Place, Victoria Embankment, London, W.C.2), at 
7 p.m.—Mr. T. E. Schilizzi: “Blind Landing”. 

Society OF PUBLIC ANALYSTS AND OTHER ANALYTICAL CHEMISTS, 
PHYSICAL MetHops Group (at the Chemical Society, Burlington 
House, Piccadilly, London, W.1), at 7 p.m.—Discussion on “Modern 
Methods of Moisture Determination’’. 


Thursday, February 2 
ROYAL Socrety (at Burlington Heuse, Piccadilly, 
at 4.30 p.m.—Scientific Papers. 
CuemicaL Soctety, St. ANDREWS AND DUNDERB Section (under 
the auspices of the British Association Dundee Trust, in the Chemistry 


London, W.1), 


Department, University College, Dundee), at 5 p.m.—Sir Kdmund 
Whittaker, F.R.S “The Concept of Nature, from Copernicus to 
Newton”. (All Fellows are invited.) 


CHEMICAL SOCTETVY, NORTH WALES Section (joint meeting with 
UNIVersiITyY COLLEGE CHEMICAL Soctety, in the pe te of 
Chemistry, University College, Bangor), at 5.30 p.m.— F. E. 
King: “Some Aspects of the Chemistry of Simple Peptides’. 

CHEMICAL SocteTy, SHEFFIRLD SeEcTION (joint meeting with the 
UNIVERSITY CHEMICAL Society, in the Chemistry Lecture Theatre, 
The University, Sheffield), at 5.30 p.m.—Prof. H. W. Melville, F.R.S. : 
‘The Breakdown of High-Polymer Substances’’. 

INSTITCTION OF ELECTRICAL ENGINEERS (at “ed Place, Victoria 
Embankment, London, W.C.2), at 5.30 p.m.—Mr. Casson and Mr. 
F. H. Birch: “Fault-Throwing Tests on the 1321 kV. Grid System 
ander Normal Working Conditions”. 

ROYAL Statisticat Soctety, Lonpon Group of the INDUSTRIAL 
APPLICATIONS SECTION (joint meeting with the INSTITUTION OF 
ENGINEERING INSPECTION, at the Royal Society of Arts, John Street, 
Adelphi, London, W.C.2), at 6 p.m.—Dr. B. P. Dudding: “A Survey 
of Present Methods of Industrial Statistics”. 

BRITISH INSTITUTION OF RADIO ENGINEERS, ScoTTIsH SECTION 
(at the Lnstitution of Engineers and Shipbuilders, Glasgow), at 6.45 p.m. 
= Mr. A. J, Tyrrell: “The Performance and Stability of Permanent 

agnets’’. 

CHEMICAL Society (at Burlington House, Piccadilly, London, W.1), 
at 7.15 p.m.—Secientifie Papers. 

UNIVERSITY OF LONDON (at Wye College, Wye, near Ashford, Kent), 
at 3.15 p.m.—Sir William Ogg: “Some Aspects of the Work at 
Rothamsted”’.* 


Friday, February 3 


INSTITUTION OF CHEMICAL ENGINEERS, NORTH-WESTERN BRANCH 
in the Conference Hall, Town Hall, Manchester), at 2.30 p.m.—Sir 
Wallace Akers : “Atomic Energy” 

PHYSICAL Soctety (in the Small Phy. sics Tecture Theatre, Imperial 
College of Science and Technology, Lmperial Institute Road, London, 
3.W.7). at 5 5 p.m.—Mr. R. W. Cahn: “A New Theory of Recrystalliza- 
tion Nuclei": Dr. K. J. Le Couteur: “The Evaporation Theory of 
Nuclear Disintegration’. 
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ROYAL INSTITUTE OF CHEMISTRY, MANCHESTER AND DISTRICT 
SEcTION (in the Lecture Theatre, Gas "Showrooms, Town LY? —— 
sion, Manchester). at 6 p.m. —Major F. A. Freeth, F.R.S “The 
Art of Scientific Discovery”. 

ROYAL INSTITOTE OF CHEMISTRY, LONDON AND SovrTu-EASTERN 
COUNTIES SECTION (joint meeting with the LONDON SEcTION of the 
Society OF CHEMICAL INDUSTRY, at the Technica] College. Brighton), 
at 7 p.m.—Dr. J Edgar: “‘Modern Methods of Organic Solvent 
Manufacture”. 

Saturday, February 4 

Loxpon County Council (at the Horniman - a a _ London 
Road, Forest Hill, London. 8.E.23), at 3.30 p.m.—Mrs. F. Retts : 
“The Subansiri Area—Fxplorations among the Tribes of Northern 

m”.* 





APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

LECTURER IN SCIENCE (able to teach chemistry and biology, both 
at least to Intermediate B.Sc. standard) at Norwich City College and 
Art School—The Director of Education, City Hall, Norwich (Feb- 
ruary 4). 

SENIOR LECTURER IN PHYSICAL CHEMISTRY—The Principal, College 
of Technology, Belfast (February 8). 

SENIOR PRINCIPAL SCIENTIFIC OFFICER (male, with a good Honours 
degree in physics or mathematics, and experience in the application 
of physics to a wide range of problems) in the Safety in Mines Research 
and Testing Branch, Sheffield, under the Ministry of Fuel and Power— 
The Secretary, Civil Service Commission, Scientific Branch, 7th Floor, 
Trinidad House, Old Burlington Street, London, W.1, quoting No 
2938 (February 9). 

LECTURER IN MECHANICAL ENGINEERING—The Registrar, The 
University, Sheffield (February 11). 

SENIOR EXPERIMENTAL OFFICER at London Headquarters of the 
Ministry of Supply (duties include the co-ordination of thermionic 
valve requirements and supervision of an information service on 
valves)—The Secretary, Civil Service Commission, Scientific Branch, 
7th Floor, Trinidad House, Old Burlington Street, London, W.1. 
quoting No. 2930 (February 14). 

PROFESSOR OF PHARMACOGNOSY in Farouk I University, Alex- 
andria—The Director, Egyptian Education Bureau, 4 Chesterfield 
Gardens, London, W.! (February 15). 

LECTURER IN BACTERIOLOGY—The Registrar, King’s College, New- 
castle-upon-Tyne (February 18). 

LECTURER or ASSISTANT LECTURER IN PLANT PHYSIOLOGY or CYTO- 
GENETICS—The Registrar, University College, Leicester (February 18). 

MARINE ZOOLOGIST (Senior Scientific Officer grade) in the Biological 
Section of the Ministry of Supplv Division of Atomic Energy, Wind- 





York House, Kingsway, | ondon, W.C.2, quoting G.432/49A (February 
18). 
PRINCIPAL SCIENTIFIC OFFICER or SENTOR SCIENTIFIC OFFICER at 
a Ministry of Supply Research and Development Establishment in 
Bucks, to contro! section studying problems of liquid rocket com- 
bustion chambers, atomizers. nozzles. etc.—The Technica] and Scien- 
tifie Register (K). York House, Kingsway, London, W.C.2, quoting 
C.476/49A (February 18). 

ASSISTANT LECTURER IN THEORETICAL Puysics (Honours graduate 
with special interest in Nuclear Physics)}—The Registrar, King’s 
College, Strand, London, W.C.2 (February 25). 

CHEMICAL ENGINEERS (Senior Scientific Officer or Scientific Officer 
grade) at a Ministry of Supply Research and Development Establish- 
ment near London. for research on certain unit operations—The 
Technical and Scientific Register (K), York House, Kingsway, Lon- 
don, W.C.2, quoting F.936/49A (February 25). 

PROFESSOR OF ENGINERRING—The Registrar, University College, 
Cathays Park, Cardiff (February 25). 

EXPERIMENTAL OFFICERS in Ministry of Supply Research and De- 
velopment Establishments, chiefly in the Midlands and South England, 
and in the following fields: Chemistry (Ref. F.563/49A), physical, 
analytical (with special reference to modern techniques). organic and 
chemical engineering ; Metallurgy (Ref. F. 563/49A); Physics (Ref. 
A.393/48A), particularly in its application to electronic or engineering 
problems including instrumentation; Aerodynamics (Ref. C.12/49A), 
including wind tunnel and flight work, subsonic and supersonic speeds ; 
Aircraft Structural Theory (Ref. C.12/49A), including flutter and vibra- 
tion, structural strength and airworthiness: Instrumentation (Ref. 
C.12/49A), ineluding computing devices, contro] system, small servo 
and other mechanisms, optical and photographic research, aircraft 
instrumentation; Electronics (Ref. D.6/49A), applications to genera) 
research needs and computing devices, aircraft and weapon testing, 
aircraft navigation and landing devices; Radio and Radar (Ref. 
D.6/49A), particularly U.H.F. techniques, miniaturization aerial, 
design, circuit theory—The Technical and Scientific Register (K). 
York House, Kingsway, London, W.C.2, quoting the appropriate 
Ref. No. (February 27). 

Screntiric OFFICER at a Ministry of Supply Engineering Establish- 
ment in Southern England, to undertake advanced mathematical 
analysis and structural and mechanical design work on military 
brilging—The Technical and Scientific Register (K), York House, 
Kingsway, London, W.C.2, quoting C.30/50A (February 28). 

SENIOR 1 BCTURER IN PuHysics in the University of Sydney—The 
Secretary, Association uf Universities of the British Commonwealth, 
5 Gordon Square, London, W.C.1 (Sydney, February 28). 

LEVERHULME RESEARCH FELLOWSHIPS—The Secretary, TLever- 
hulme Research Fellowships, 7 Bedford Row, London, W.C.1 (March 1). 
a or ZooLoGcy—The Registrar, University College, Leicester 
(Mare’: 1). 

DEPUTY PRINCIPAL INSPECTOR OF MECHANICAL ENGINEERING IN 
MINES—The Secretary, Civil Service Commission, Scientific Branch, 
7th Floor, Trinidad House, Old Burlington Street, London, W.1, 
quoting No. 2940 (March 2). 
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ASSISTANT AGRICULTURAL ECONOMISTS (2)—The Registrar, The 
University, Manchester 13 (March 3). 

LECTURER IN AGRICULTURAL CHBMiSTRY—The Secretary and Regis- 
trar, University College, Bangor (March 4). 

SENIOR SCIENTIFIC OFFICER at the Royal Aircraft Establishment, 
Farnborough, Hants, to take charge of section en on research 
and rey work on parachute and allied problems—The Tech- 
nical and Scientific Bay, ne (K), York House, Kingsway, London, 
W.C.2, quoting A.3/5u ( h 4). 

LECTURER IN AGRICULTURAL Economics—The Secretary, The 
University, Aberdeen (March 6). 

LC.L. RESEARCH FELLOWSHIPS in Biochemistry, Chemistry, Eng- 
ineering, Pharmacology or Physics—The Secretary of University 
Court, The University, Glasgow (March 15). 

Sexton LSCTURER or LECTURER IN FOODS AND INSTITUTIONAL 
MANAGEMENT at the School of Home Science (University of Otago), 
Dunedin, New Zealand—The Secretary, Association of Universities 
, — British Commonwealth, 5 Gordon Square, London, W.C.1 
(March 15). 

R&ADEBR IN ANTHROPOLOGY in King’s 
Tyne “The Registrar, University Office, 


College, Newcastle-upon- 
46 North Bailey, Dur 
(March 27). 


LgecTo 1% IN GEOGRAPHY in the University of Otago, Dunedin, 
New Zealaad—The Secretary, Association of Universities of the 
British Commonwealth, 5 Gorden Square, London, \.C.! (March 31). 

LECTURER (Grade IL) IN MECHANICAL ENGINEERING—The Secretary, 
The University, Birmingham 3 (March 31). 

ASSISTANT LECTURER IN PuHyYsics at the University College of the 
West Indies—The Secretary, Inter-University Council, 1 Gordon 
Square, London, W.C.1 (April 1). 

SENIOR I] BCTURER or LECTURER IN BoTANY (Plant Physiology) 
in the University of Melbourne—The Secretary, Association of U ni- 
versities of the British Commonwealth, 5 Gordon Square, London, 
W.C.1 (April 12). 

TURNER AND NEWALL RESEARCH FELLOWSHIPS in Engineering, 
Inorganic Chemistry, Physics and allied subjecte—The Registrar, 
The University, Manchester 13 (April 30). 

ASSOCIATE PROFESSOR or ASSISTANT PROFESSOR IN THE DEPART- 
MENT OF BOTANY (specialization: taxonomy and nt ecology )— 
Prof. W. Leach, University of Manitoba, Winnipeg, _ , Canada. 

KSEPER OF THE YORKSHIRE McseuM, York—The Hon. Secretary, 

Yorkshire Philosophical Society, York. 

PHYSIOLOGIST In the Endocrine Unit—The House Governor, London 
Hospital, Whitechapel, London, E.1. 

STATISTICIAN (with Honours degree in statistics or similar qualifica- 
tion) for work in Singapore on the analysis and design of experiments 
on the physiological and psychological effects of extremes of tropical 
climate on human beings—The Medical Research Council, 38 Old 
Queen Street, London, 8.W.1 

AGRICULTURAL Sosweumse in the Department of Agriculture, 

Federation of Malaya—The Director of Recruitment, Colonial Office, 
Sanctuary Buildings, Great Smith Street, London, 5.W.1. 
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